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OU will find that a STABILATOR strap, as illustrated herewith, offers very stubborn 

resistance at the beginning of the pull and gradually resists less and less as you k 
pulling it out. Thus a STABILATOR is not, in effect, a jump strap, but is a brake whic 
automatically resists heaviest when the car spring is fully compressed and its recoil force 


Fe is most violent—and resists less and less accordingly as the recoil force is less violent. ) 
of This resisting of each varying recoil force in proportion to that force is nothing more than . 


an adherence to the same logic which tells us to put small brakes on the wheels of a Ford 
car and very large and powerful brakes on the wheels of a Mack 5-ton truck. 


ie You need not take anyone’s “‘say so” as to whether or not. this, that or the other device ) 
ie offers correct, proportional resistance to the varying forces of spring recoil—just clamp 
eee the thing in a vise, tug on the strap, and know what it gives. 
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July 1923 Issue of Data Sheets 


HE July issue of data sheets will be mailed to the 
members early in August. The issue will contain 
138 pages, 50 of which are new, and is the second 
largest issue since the S. A. E. HANDBOOK was revised 
in 1920. 

Instances have been brought to the attention of the 
Society where disagreement has been caused through 
the use of obsolete data sheets. Members would do well 
to have their books, after the new issue has been inserted, 
checked to the list of uptodate sheets and dates of issue 
that is included in the letter of transmission. 

As the revised S. A. E. HANDBOOK will contain 558 
pages, members may find it more convenient to use two 
binders, one binder being used for Sections A, B and C 
and the other for Sections D to K. 


1906 Transactions Wanted 

COPY of the first volume of the Transactions of 
A the Society, that for the year 1906, is desired to 

complete a set maintained as part of the archives 
of the Society. It will be appreciated if any member who 
has a copy of this volume and does not desire to keep it 
for his own library, will communicate with the offices of 
the Society in New York City. 


Part II 1921 Transactions 


/ \HE second part of the TRANSACTIONS of the 
Society for the year 1921 was mailed recently to 
those members who placed orders for them. This 

volume, which completes the sixteenth issued by the 
Society, contained 20 papers given at Society meetings 
during the latter half of 1921 and included a total of 
566 pages. The papers include the able treatise on gas- 
engine cylinder actions by Sir Dugald Clerk that marked 
the beginning of a greater appreciation of the value of 
combustion research in this country. A majority of 
the contents deals with various elements of the fuel 
problem, turbulence and combustion. 

When this issue of THE JOURNAL went to press, the 
work of publishing the next volume of TRANSACTIONS, 
Part I, 1922, was well under way. Only enough copies 
will be printed to meet the requests of the members and 
no orders will be accepted for this volume after Sept. 4, 
1923, when it will go to press. An order blank for the 
pext volume of TRANSACTIONS, Part I, 1922, is included 


> 


Chronicle and Comment 





in this issue of THE JOURNAL on p. 54 of the advertis- 
ing section. 


Papers on Production Problems 


HE Meetings Committee of the Society is par- 
ticularly anxious to make the 1923 Production 
Meeting, which will be held at Cleveland, Oct. 25- 
27, at least as successful as the meeting at Detroit last 
October. The success of the Detroit meeting can be at- 
tributed largely to the excellence of the papers presented 
and the timeliness of the subjects chosen for discussion. 
To achieve success at Cleveland, it is recognized that 
current problems whose solution is urgent must again be 
chosen for treatment in the sessions. A canvass of 
production authorities is now being made to ascertain 
which problems are of greatest general interest. Sug- 
gestions are in order and will be received gratefully if 
forwarded to the office of the Society in New York 
City. 

The interest in the problem of cutting accurate and 
quiet-running gears alone assured a large and apprecia- 
tive audience once that topic was selected for study at 
the Detroit meeting. Gear-cutting still possesses the 
same attractiveness as a subject as it did last year and 
one session will be set aside for it at Cleveland. Manu- 
facturers of gear-cutting machines are being asked to 
present papers recording what progress has been made 
in correcting the errors revealed by the 1922 meeting. 
Papers are being solicited from men who have been 
studying the causes of gear. noise. 

It is certain that more papers will be submitted than 
can be used at the Cleveland Meeting. Authors who are 
desirous of presenting papers can avoid disappointment 
by making their requests early and submitting outlines 
of papers on subjects that are known to be of general 
interest. Papers that attempt to do little but set forth 
the particular advantages of an individual machine are 
less likely to be accepted than those treating specific 
problems and presenting the experience and quantitative 
results of a carefully conducted piece of research in 
a reasonably unbiased manner. The probability of a 
paper’s being accepted can be judged largely on the 
amount of practical workable information it presents for 
the attending production men to take back into the shop 
with them. The Society wants factory men to attend its 
meetings because they expect to carry home sufficient 
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helpful information to repay them for the time and ex- 
pense of attendance. 

Those present at the Detroit meeting can readily ap- 
preciate the prestige accruing to an individual and his 
employer from representation on the program of an 
important national meeting such as the Production Meet- 
ing. It is hoped that the privilege of representation on 
the Cleveland Meeting program will prove sufficiently 
attractive to influence many production authorities to 
submit papers in response to this invitation. 


Men and Positions 


/ [*:« list of Men and Positions Available that has 
always been published in the advertising section 
of THE JOURNAL has been discontinued with this 

issue. This step has been necessitated by improvements 

made in the employment service of the Society during 
the past year. Under the improved system, bulletins of 
positions available are sent semi-weekly to members 
seeking employment; similar bulletins of men available 
are mailed to a list of representative manufacturers and 
to companies making specific inquiries for men. These 
semi-weekly bulletins have filled the positions available 
with such dispatch that the monthly lists published in 

THE JOURNAL are often out-of-date before they reach 

the members. This condition has resulted in disappoint- 

ments to several members who have written promptly 
to the office in New York City upon receipt of THE 

JOURNAL only to find that the position interesting them 

has been filled through the more frequent service of the 

bulletins. 

Use of the bulletin service for a year has demonstrated 
clearly its superiority over the monthly lists in THE 
JOURNAL. Since THE JOURNAL lists can not be guaran- 
teed as being uptodate while the semi-weekly bulletins 
ure operating, it seems best to discontinue the publica- 
tion of information that might be misleading. 


Sectional Committee Reports on Screw Threads 


HE Report of the Sectional Committee on the 
Standardization and Unification of Screw Threads 
has been submitted to the American Society of 
Mechanical Engineers and the Society of Automotive 
Engineers, the sponsor societies, and has been approved 
by the Council of the American Society of Mechanical 
Engineers and is being prepared by that Society in 
pamphlet form. The Sectional Committee was organized 
by the sponsors under the rules of procedure of the 
American Engineering Standards Committee, to review 
the Progress Report of the National Screw Thread Com- 
mission, issued as the Bureau of Standards Miscellaneous 
Publication No. 42, and to report thereon to the sponsors. 
The report, which is intended for bolts, machine screws, 
nuts, commercial tapped holes and the like, includes 
sections treating of Terminology; Form of Threads; 
Series of Threads, including tables; Classification of 
Fits and Tolerances. 

The Council of the Society at its meeting on June 18 
at Spring Lake, N. J., assigned the report to the Screw 
Threads Division of the Society’s Standards Committee 
with instructions to review it and report to the Standards 
Committee in accordance with the Standards Committee 
Regulations governing the acceptance and approval of 
Sectional Committee reports submitted to the Society as 
a sponsor. It is probable that the Division will accord- 
ingly act on the report as a whole for approval by the 
Society as Tentative American Standards, issued under 
the rules of the American Engineering Standards Com- 
mittee and also report such parts of the Sectional Com- 
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mittee’s report for adoption as S. A. E. Standards as are 
particularly applicable to general automotive practice, 
The report will be acted on in the same manner as the 
regular standardization work of the Society, and sub- 
mitted to the Standards Committee and Society for 
approval at the meeting next January. 


More on “Licensing” of Engineers 


GENERAL letter sent to the members recently 
A called their attention to the fact that laws exist in 
a number of States providing in general that en- 
gineers doing public or private engineering work are re- 
quired to register, paying fees in varying amounts up to 
$25 for such registration. Since sending this letter to the 
members, the office of the Society has been in communi- 
cation with the secretaries of the various States en- 
deavoring to secure copies of these laws and opinions on 
whether they affected automotive engineers. As a result, 
some corrections must be made in the list of States con 
tained in the general letter to the members since, in 
contradiction of the original information received by 
the Society, some States do not require automotive en- 
gineers to apply for license. 

The Secretary of State of West Virginia informs us 
that there is no law in that State covering the registra- 
tion of automotive engineers. The Secretary of State of 
Illinois writes that “while bills were introduced in the 
present General Assembly relative to the licensing of 
mechanical and automotive engineers, these have not 
been passed and it is very doubtful if they will be passed 
during this session of the General Assembly.” There is 
no State license required of professional engineers in 
Wisconsin, according to the Secretary of that State, at- 
tempts to pass such a law having failed at two sessions 
of the legislature. The State Comptroller of New Mexico 
informs us that there is no statute in that State which 
requires a license to practise automotive engineering. 
The State of Virginia has a law requiring the examina- 
tion and the certification of architects and professional 
engineers, but the Secretary has written expressing 
doubt whether this law would be construed to cover auto- 
motive engineers. The State Board of Engineers of 
Oregon does not recognize automotive engineering as a 
branch of professional engineering at this time, accord- 
ing to advices from the Secretary of that State. The 
Secretary of State of Arizona informs us that there is 
a State law requiring the licensing of architects, en- 
gineers, land surveyors and assayers but there is some 
question about its applying to automotive engineers. A 
bill to repeal the licensing of engineers has passed the 
Senate in Pennsylvania and has gone to the third read- 
ing in the House. . 

The members must appreciate that it is a serious 
matter for the Society office to accept the responsibility 
of advising members whether they should register in 
their respective States or not. It would seem advisable 
for each of the members to write the Secretary of the 
State in which he resides or practises to secure an opinion 
or interpretation that carries some legal authority 
with it. 

In response to the request contained in the circular 
letter sent out by the Society, letters continue to be re- 
ceived from the members expressing opinions on the ad- 
visability of laws requiring the registration or the licens- 
ing of engineers. Judging from the letters received, 
opinion is about evenly divided. It is noteworthy, how- 
ever, that the majority of the engineers who have at- 
tained some prominence in the industry are opposed to 
this form of legislation. 
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| By G. B. Upton! 
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n- SemI-ANNUAL MEETING PAPER Illustrated with CHARTS 
os i indie foie wintioniies pepe ed Se ‘ sf 4 Nebewens a diancisoactlaccashibihhes 
to 
ne A LTHOUGH the proper timing of the spark is as titative experiments on turbulence in various designs 
‘i- essential as the spark itself and the electrical and of engine, hence to the development of designs for pro- 
n- mechanical devices for producing the spark have been ducing the greatest amount of turbulence, if such de- 
= many, little attention has been given to the study of velopment should seem desirable, as ‘turbulence is the 
It spark-advance. An error in timing of + 20 deg. in a factor that makes really high rotative speeds compat- 
. low-compression engine, or of + 15 deg. in most other ible with a good power output. An equally important 
me engines, has been shown experimentally to cause a factor in making explosions in engines occur more 
i loss of 10 per cent from the best power and economy, quickly than those in bombs is the heat produced adi- 
) provided other conditions remained the same. Hand abatically during the compression stroke. 
n- or semi-automatic control can average hardly closer The slowing-up of combustion on account of the 
than + 15 deg. to the correct advance because the dilution of the charge with exhaust gas was measured 
us i speed and the load combinations are constantly chang- experimentally, and the results are tabulated and com- 
a- ing on the road. pared with the numerical extent of the dilution. As- 
of Two important phases mark the spark-advance prob- suming that the dilution ratio is the ratio of the total 
he lem. The practical question as to whether the require- charge to the quantity of new gas, the slowing-up of 
of ments of optimum spark-advance at various combina- combustion because of dilution is demonstrated experi- 
ot tions of load and speed are such as might be controlled mentally to be about proportional to the cube of the 
ed automatically is apparently answered affirmatively; it mass-dilution ratio. 
; can be satisfactorily represented by additive functions, The scientifically valuable part of. the paper is the 
ce one of speed only and one of load or intake-suction naming of the factors that affect the explosion-time 
in only. Hand adjustment would still be needed to take of an engine, the giving of mathematical expressions 
it- eare of the difference between a clean engine and a for their laws of action and the finding of the numer- 
ns dirty one or of a cold engine. When once an engine has ical values of constants for such factors as turbulence 
co been warmed up, however, automatic controls could and dilution. The measurement of the optimum spark- 
ch maintain the proper spark-advance, thereby increasing advance is made available as a research method for 
ig. in practice the power, flexibility and economy of the investigating the reaction rates of combustion, and 
a- engine. hence of all that related group of topics now of inter- 
ial The second phase is that of scientific analysis. In- est to automotive engineers. 
ng asmuch as combustion takes time, and as the engine By measuring the optimum spark-advance, the — 
¥ is rotating during the combustion process, spark-ad- bustion rates of gasoline with and without “anti-knock, 
vance is essential, for it maintains a definite relation or tetraethyl-lead, were measured. Although the quan- 
of between the progress of the explosion and the motion tity used was 20 times the normal amount, no change 
a of the piston of the engine. This relation should be in the reaction rate of combustion was found when the 
“d- such that half the rise of pressure during combustion combustion remained normal, that is, without detona- 
he would occur at the dead-center position of the piston. tion. When detonation occurred without anti-knock, 
is Analysis, however, both theoretical and experimental, the reaction times with anti-knock followed those to be 
aw 5 shows that one-half of the pressure rise occurs substan- expected with normal combustion. Detonation appar- 
me | tially at three-fourths of the explosion-time, that is, ently changed the combustion habit as if it produced 
A the interval between the point of ignition and the pres- an abnormal top to the combustion. 
~ sure peak. This, then, is the numerical basis for the a ; : : i : 
d | relations of explosion-time, engine speed and optimum [ nig = prac gp Ar naa Rtn is 
2 spark-advance. ittle to be found about spark-advance. ere is 
| The existing data, relating to the explosion-time as plenty of material about the electrical and mechani- 
us affected by the mixture-ratio, the size of the combus- cal design and the operation of apparatus for producing 
ity j tion-chamber, turbulence, dilution with dead or exhaust the ignition spark but the proper timing of the spark 
n | gases and the temperatures preceding the explosion, seems to be assumed. Ignition without timing control is 
le are reviewed. Density is shown not to affect the explo- comparable logically to a carbureter that will produce 
he sion-time. The factor commonly supposed to be density, : ‘ i ? e 
ny : : * merely some kind of a fuel-air mixture without propor- 
on which demands an increased spark-advance as the en- end th ‘xt te taasieed d th d of th 
ty gine is throttled, is in reality dilution with exhaust loning e mixture to e ioad an e speed 0 e 
: gas, which increases as the throttle closes, and the engine. : 
; cause of the faster explosion in a high-compression It can be shown experimentally that the timing toler- 
aed engine than in one of low compression is the tempera- ance within which the spark must occur to get within 
Pe- ture preceding ignition. 10 per cent of the best power and economy of the engine 
d- A simple mathematical law, connecting the explosion- is about + 20 deg. in a low-compression or 4 to 1 engine, 
1S- rate and turbulence and derived from experiments on and about + 15 deg. in other engines. It may well be 
ad, bombs, is shown to be applicable to engines, and the assumed that the average regulation of the spark by an 
wee manner of its application to the a nara factor of ordinary driver of a car is not nearly as close as this. 
. any engine is indicated. This opens the way <0 quan- The problem of spark-advance has two phases of im- 
0 
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portance: (a) finding whether the requirements of the 
optimum spark-advance at various combinations of load 













































. XIII 
112 








and speed are such as might be met by simple automatic 
apparatus; and (b) investigating scientifically the under- 
lying theory or principles concerned. To the practical 
question the answer apparently is yes; optimum spark- 
advance can be satisfactorily represented by additive 
functions, one of speed only, the other of load, or intake- 
suction, only; hence a simple mechanism can be made to 
cover both the load and the speed effects. The scientific 
investigation is of extreme interest, for it seems that 
determining the optimum spark-advance involves a direct 
measurement of the volumetric or the spacial flame- 
speed; and a study of the variation of the optimum spark- 
advance with the load or the intake suction, the speed 
and the mixture-ratio leads to a quantitative numerical 
evaluation of the reaction-rate of combustion, turbulence, 
dilution with spent gas, and the like; all of which make 
a very valuable auxiliary and independent check on such 
fundamental investigations as those recently published 
by Midgley and his associates. 


REVIEW OF DATA 


The first stage of an engineering investigation is a 
survey of extant scientific data. Next come the compar- 
ing and the correlating of such data with empirical 
practice. Good collections of data for our purpose are 
to be found in A. W. Judge’s book, Automobile and Air- 
craft Engines, and in vol. 1, on Mechanics and Heat, of 
Glazebrook’s Dictionary of Applied Physics. 

Research on “explosions” in bombs brings out this 
essential that the explosion-time, or the time-duration 
of an explosion, is the time elapsing between ignition 
and the pressure peak, or the time of maximum pv 
product, if the volume is changing. The explosion-time 
is found to be 


(1) Dependent on the mixture-ratio and the fuel used 


(2) Independent of the absolute pressure, 
density, before ignition 


or the 
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(3) Somewhat dependent on the size and the shape of 
the explosion-chamber and the position of the 
ignition-point 

(4) Greatly decreased by the turbulence of the mix- 
ture 


The bomb experiments available in technical literature 
do not go into the effects on the duration of the explosion 
of two other variables, both of importance in an actual 
engine. These are 
(1) Dilution of the charge with spent gases from pre- 
vious explosions 
(2) The temperature of the charge just before ignition 


Experiments on an engine show that the mixture of 
maximum power for any given condition of speed and 
load is substantially identical with the mixture for the 
minimum value of: the best spark-advance. Any richer 
or leaner mixture than that of maximum power needs 
more spark-advance than the maximum-power mixture. 
Except on a cold engine, however, the extra spark-advance 
for mixtures reasonably near to the maximum-power 
mixture is small; and this experimental fact makes it 
possible to eliminate the mixture-ratio variable from the 
general discussion, and to revert to it only as a minor 
factor in a complete solution of the problem of spark- 
advance. 

Since the time-duration of the explosion is independent 
of the density of the charge, this possible variable dis- 
appears. The change of spark-advance required on 
account of throttling is not a consequence of the change 
of the charge density, but of the change of dilution with 
spent gas and of the temperature preceding the ignition. 
A high-compression engine, when compared with a 
similar low-compression engine, has a faster explosion, 
not by reason of a different density of the charge, but 
by reason of a different dilution of the charge and of a 
different temperature preceding the ignition. 

The effects of the size and the shape of the explosion 
or the combustion-chamber and the position of the igni- 
tion-point and also of the mechanical and electrical lag 
in the ignition system, can be taken care of in a given 
engine by finding a characteristic or imaginary explosion- 
time for that combustion-chamber, as a bomb, for the 
fuel, the mixture and the temperature used but without 
any dilution or turbulence effects. The absence of turbu- 
lence corresponds, of course, to a zero engine-speed. 

The effects of dilution and turbulence can readily be 
found by brake tests of the engine over a fair range of 
combinations of speed and load; the dilution can be 
measured from observations of the exhaust and the in- 
take-manifold pressures and temperatures and a know- 
ledge of the compression-ratio of the engine. The effect 
of the dilution with spent gases is to increase the char- 
acteristic explosion-time of the carburetion chamber by 
multiplying it by a factor fixed by the extent of the dilu- 
tion. The effect of turbulence is to decrease the charac- 
teristic explosion-time by multiplying it by a simple 
inverse function of the engine speed. The actual ex- 
plosion-time from ignition to the time of maximum 
pressure, or the pressure peak with the engine warmed-up 
to normal running conditions, can be given as the product 
of the three independent factors; (a) the “characteristic 
time” of the combustion-chamber as a bomb, (b) the 
dilution factor and (c) the turbulence or speed factor. 

The actual explosion-time or the duration is simply 
related to the optimum angle of spark-advance and the 
rotation speed of the engine. If R is the speed of the 
engine in revolutions per minute, its angular speed is 
360R/60 = 6R deg. per sec. When a is equal to the 
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angle of spark-advance, the timing of the spark ahead 
of the dead-center position of the engine, in seconds, is 
a/6R. It can be shown that for optimum spark-setting 
a/6R 34 X the actual explosion-time = % X the 
“characteristic time” the dilution factor * the turbu- 
lence or speed factor. In this relation the characteristic 
time is a constant for a-given engine and its ignition 
system under the ordinary operating conditions of the 
engine. 
EXPLOSION-TIME 


I shall review briefly the literature on explosion-time. 
Fig. 1 summarizes tests by various experimenters with 
mixtures of coal-gas and air. It will be seen that for 
mixture-ratios from 5.0 to 7.5 by volume, the explosion- 
time runs from 0.04 to 0.06 sec. with relatively minor 
effects on account of the size of the bomb, and none from 


the change of initial pressure or density. Fig. 2 shows 
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Fic. 2—RESULTS OF EXPERIMENT AT MASSACHUSETTS INSTITUTE OF 
TECHNOLOGY WITH A GASOLINE VAPOR-AIR MIXTURE 


from results obtained at the Massachusetts Institute of 
Technology that mixtures of gasoline vapor and air have 
the same characteristics as those of coal-gas and air; the 
minimum explosion-time in the bomb was 0.058 sec. In 
contrast to this explosion-time for gasoline in the bomb, 
Watson’ gives the explosion-time in a racing-engine as 
0.0055 sec. with single-spark ignition, and 0.0037 sec. 
with double-spark ignition. The speeding-up of the ex- 
plosion in the engine, more than 10 times as compared 
with that of the bomb, is said to be due to the turbulence 
effect in the engine. Humphrey’ found the explosion- 
time to be 0.026 sec. in a 28% x 30-in. cylinder at 128 
r.p.m.; Clark* found the explosion-time in a 9 x 17-in. 
cylinder at 180 r.p.m. to change from 0.033 sec. under 
normal operation to 0.080 and 0.090 sec. when the turbu- 
lence was allowed to die out before ignition. 

Judge’, by pressure-time diagrams, shows that the 
explosion-time in a certain engine was 0.013 sec. with 
gasoline as fuel, and 0.014 sec. with benzol. Comparing 
the data as to the explosion-times of various fuels’ tested 
under like conditions, it seems that changing the fuel 
has a very small effect on the explosion-time. Alcohol, 
however, might be different from the hydrocarbon fuels, 





ee See Dictionary of Applied Physics, by R. Glazebrook, vol. 1, p. 
ood. 


®See Dictionary of Applied Physics, by R. Glazebrook, vol. 1, 


p. 300. 
*See Automobile and Aircraft Engines, by A. W. Judge, p. 30. 
*See the curves of results obtained at the Massachusetts In- 
stitute of Technology with. coal-gas and air in Fig. 1 and gasoline 


and air in Fig. 2. 
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Fic. 3—RESULTS OF OPTIMUM SPARK-ADVANCE TESTS ON A ForRD 
ENGINE 


which, having substantially the same explosion-times, 
could be substituted for one another in an engine with- 
out any appreciable change of the optimum spark- 
advance. 

It will be noted that the curves of Fig. 1 of the 
explosion-time plotted against the mixture-ratio are 
fairly flat over a considerable range of mixture-ratios. 
This suggests that the optimum spark-advance in the 
practical operation of an engine may not be radically 
affected by the mixture-ratio. Tests on this point were 
first made by us on a Ford engine in the Cornell Univer- 
sity laboratories with the results shown in Figs. 3 and 4. 
The airflow to the carbureter was measufed by a Durley 
meter and box and the gasoline flow by a modified Pen- 
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berthy flow-meter. The optimum spark-advance was found 
by trial, by watching the dynamometer scale and adjust- 
ing for the maximum torque, so far as the spark-timing 
affects the torque. This effect is fairly definite; on the 
Ford engine a timing error of about + 20 deg. decreases 
the torque 10 per cent when the spark-advance is the 
only variable. In Fig. 3, the curves of the optimum 
spark-advance versus the mixture-ratio for a constant 
intake-suction in inches of mercury have each a mini- 
mum best advance around the 12 to 1 mixture-ratio. 
The thickened part of each line is the region in which 
the brake mean-effective pressure is within 1 lb. of its 
maximum value for that intake-suction. The statement 
seems justifiable that the maximum-power mixture is 
practically identical with the mixture of the minimum 
value of the best spark-advance. The maximum-economy 
mixture requires about the same spark-advance as the 
maximum-power mixture near closed throttle, and 10 to 
15 deg. more advance near open throttle. In Fig. 4 the 
thickened central part of each constant-suction curve 
is the region where the optimum spark-advance is within 
2 deg. of its minimum value. Again, the comparison 
shows the practical identity of the mixtures for the 
maximum power and for the minimum best spark-ad- 
vance. The conclusion is, of course, that the maximum- 
power mixture is the fastest burning mixture of the 
series, or the mixture of the highest reaction-velocity. 

The same general conclusions were arrived at from 
tests on a Continental 7-R six-cylinder engine in the 
same laboratory. The test procedure was here more 
elaborate; at each of the six fuel-flow rates five or more 
tests were made of the brake mean-effective pressure 
versus the spark-advance. From the curves of these 
tests the spark-advances for the best mean-effective pres- 
sures were picked off, with the corresponding values of the 
mean-effective pressures so as to plot the curves in Fig. 5. 
The tolerance inethe spark-advance in this engine to keep 
within 10 per cent of the best power, is less than + 15 
deg. If the mixture-ratios are such that the power is 
within 10 per cent of the best power, as affected by the 
mixture-ratio, the optimum spark-advance does not vary 
by more than + 10 deg. from that for the maximum- 
power mixture or the minimum value of the optimum 
spark-advance. These values, of course, are for 1000 
r.p.m. and perhaps would be stated better in terms of the 
percentage variation than in absolute values of the spark- 
advance. 

We concluded, in general, that so far as the mixture- 
ratio was concerned as a variable in this problem it was 
best to work on the lean edge of the maximum-power 
mixture, thus determining the minimum values of the 
optimum spark-advance and getting values that would 
always be safe, though perhaps not great enough for 
- “economy” mixtures throughout all possible parts of the 
operating range of the engine. As to fuels, we con- 
cluded that we need not be concerned about differences 
of hydrocarbon fuels from one another so long as detona- 
tion did not occur. 

That the density of the charge did not change the 
explosion-time is indicated in the data of Fig. 1. The 
most conclusive experiments are those of Petavel’, who 
tried a series of initial pressures from atmospheric pres- 
sure up to 1100 lb. per sq. in., a range of 75 to 1, ina 
4-in. spherical bomb. At the top pressure the explosion- 


*See Dictionary of Applied Physics, by R. Glazebrook, vol. 1, p. 
298. 


™See THE JOURNAL, April, 1923, p. 367. 
*See Dictionary of Applied Physics, by R. Glazebrook, vol. 1, p. 
299. 
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time of a 1 to 6 volumetric mixture of coal-gas and air 
was still 0.058 sec., the same, within the accuracy of 
measurement, as at the low pressures. The density of 
the charge, then, is not a factor in this problem. The 
same conclusion follows from Midgley and Janeway’s 
recent paper’ on Laws Governing Gaseous Detonation. 
They found that mass rate of “burn” was proportional to 
the first power of the initial density. Since mass is 
volume times density, it follows that the volumetric or 
the space rate of flame travel is independent of the 
initial density. Engines of similar design but of different 
compression-ratios have different combustion rates, not 
because of the different densities at ignition, but because 
of the different temperatures preceding combustion and 
the different dilutions with dead gas, and perhaps be- 
cause of differences in turbulence. Also, in throttling 
an engine the operative factor calling for more spark- 
advance is not a change of the density but a change of 
the dilution, and perhaps a change of the mixture-ratio 
received from the carbureter. 

In Fig. 1 it will be seen that no systematic change in 
the explosion-time can be traced to a difference in the 
shape and the size of the bomb chamber used. The only 
bomb experiments quoted in Glazebrook or Judge that 
give data about the distance of flame-travel as affecting 
the explosion-time are those of Bairstow and Alexander’. 
In a cylindrical bomb, 10 in. in diameter by 18 in. long, 
they shifted the ignition-point by 3-in. steps from one 
end to the other. The explosion-time was the shortest 
with central ignition and the longest with end ignition. 
Their data are reasonably well fitted empirically by 
assuming that the explosion-time is proportional to the 
square root of the distance from the ignition-point to 
the more remote end of the bomb. The same square root 
of the distance for the time of flame travel also fits 
close to Watson’s figures,* quoted above, of the explosion- 
time in a racing engine at 0.0055 sec. with single ignition, 
and 0.0037 sec. with double ignition. It seems probable 
that in an actual engine the shape of the combustion- 
chamber and the position of the spark-plug or plugs in 
it will be more important practically in determining the 
explosion-time than the absolute dimensions of the com- 
bustion-chamber. 

Data on the effect of the initial temperature on the 
explosion-time in bomb experiments seem quite lacking. 
The best information seems to be given in Midgley and 
Janeway’s paper’ on the Laws Governing Gaseous Detona- 
tion, where it is found that the combustion rate varies 
approximately as the cube of the absolute temperature be- 
fore ignition. For a given engine the rise of the tempera- 
ture during compression is a definite multiple of the tem- 
perature at the beginning of compression; this in turn is 
fixed largely by the temperature of the air entering the 
carbureter. Hence, for a given engine the explosion-time 
and the spark-advance vary inversely, by some power 
higher than 1, as the absolute temperature of the enter- 
ing air. In comparing one engine with another, since 
the rise of the temperature during compression varies 
with the y-l power of the compression-ratio, and the 
combustion-rate varies with the cube of the absolute 
temperature preceding ignition, we shall have a combus- 
tion-rate varying as the compression-ratio to the 3(y-1) 
= $(1.83 1) = + 1.0 power; in other words, in engines 
similar but of different compression-ratios the optimum 
spark-advance should vary inversely as the compression- 
ratios. 

The increase of the combustion-rate with the cube of 
the absolute temperature may well be the reason that, 
in constant-volume combustion, the combustion-rate in- 
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creases as the combustion progresses. For the expansion 
of the first portions burned causes an adiabatic com- 
pression of the unburned residue and the consequent 
rise of the temperature ahead of the chemical reaction. 
The lesser spark-advance that satisfies an engine, as 
it progresses from clean to dirty, or “carboned,” in the 
combustion-chamber, is also largely a temperature 
effect. A dirty engine has less loss of heat to the walls 
of the combustion-chamber than has a clean one and a 
higher temperature of the charge at the end of com- 
pression; hence it needs a decreased spark-advance. 


ANALYSIS OF SHAPE OF PRESSURE-TIME CURVES 


The fact that the explosion-time varies as about the 
square root of the distance the flame has to travel sug- 
gests a simple line of attack on the analytical problem of 
the shape of the pressure-time curves of the explosions. 
In turn, the shape of the pressure-time curve determines 
what fraction of the explosion-time should come ahead 
of the dead-center position of the piston. This fraction 
of the explosion-time ahead of dead-center is the tying 
relation between the explosion-time and the optimum 
spark-advance. Too early ignition leads to losses through 
the compression of the burnt charge after combustion 
by the motion of the piston; losses partly from the ex- 
cessive heat-transfer to the combustion-chamber walls, 
and partly from abnormally large dissociation effects 
stopping combustion. Too late ignition means that com- 
bustion is still going on appreciably as the expansion 
stroke begins, and hence leads into losses best understood 
from the thermodynamic theory that heat is less avail- 
able for conversion into work when it is released at lower 
temperatures. Since the piston actually does move while 
combustion is going on, instead of being instantaneous 
as is postulated in the thermodynamic cycles in the text- 
books, the actual timing of the combustion process in the 
engine cycle is a compromise between too early and too 
late and involves elements of both. Combustion should 
begin while the piston is moving up, and should end 
while the piston is moving down. Just where, with re- 
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gard to the piston motion, should the combustion be 
timed for best efficiency? 

If the time of flame travel in constant-volume combus- 
tion is proportional to the square root of the distance, 
the velocity of the flame travel will vary as the first 
power of the time from ignition. This is not in conflict 
with Midgley’s calculations,’ for he has been studying 
the combustion-rate as a function of the pressure and the 
temperature, not as a function of the time from ignition. 
Furthermore, flame velocity is actually a compound 
affair; the flame travel has two components, one of actual 
velocity with regard to the gas, and the other of the 
mass-motion of the gas itself. No attempt will be made 
in this paper to separate these two components of flame 
velocity with regard to the cylinder. 

I have assumed a combustion-chamber of cylindrical 
form, with a height equal to one-third of its diameter, 
and with the ignition-point in one end, half-way from 
one side to the center. The time for a complete combus- 
tion, the explosion-time, I have taken as unity. The 
final velocity also has been taken as unity. With the 
velocity proportional to the time, the same decimal then 
stands for the time or for the velocity, in terms of their 
terminal values. The distance of the flame-front from 
the ignition-point varies as the square of the time from 
ignition. Up to about one-half of the time of complete 
combustion the flame-front makes a hemispherical sur- 
face about the ignition-point, the flame having not yet 
been cut-off by running into the combustion-chamber 
walls. In this first half of the combustion-time, there- 
fore, the area of the flame-front varies as the square of 
the distance of the flame-front from the ignition-point 
and, in consequence, as the fourth power of the time 
from ignition, since the distance itself varies as the 
square of the time. The volumetric rate of combustion 
is the product of the velocity of the flame and the area 
of the flame-front; hence the volumetric rate of combus- 
tion varies as the fifth power of the time from ignition. 
The total volume or mass burnt is the time-integral of 
the volume rate of combustion, and the rise of pressure 
is proportional to the total volume or mass burnt up to 
a given time. Hence, we conclude that during the first 
half of a combustion that is started from a spark-plug 
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in a cylinder wall, the rise of pressure will vary approxi- 
mately as the sixth power of the time from ignition. 

This is the explanation of the shape of the beginning 
of the pressure-time curves of combustions in either 
bombs or engine cylinders. On such curves there appears 
to be an appreciable “lag,” or time-interval, in which 
there is no perceptible rise of pressure. On a sixth- 
power law, the pressure at the time 4% is 1/64 of that 
at the time unity, or simply too small to notice, relatively. 
Fig. 6 shows curves representing the mathematical rela- 
tions outlined above. 

At about one-half the time of a complete combustion 
the flame-front ceases to be hemispherical, being cut-off 
in part by running into the walls of the combustion- 
chamber. From this time on the flame-front begins to 
lose area, first slowly, then rapidly, and becomes zero 
as the combustion ends. The exact law of the change of 
flame-front area with position or time depends on the 
shape of the combustion-chamber and the position of 
the ignition-point, what we may call the geometric lay- 
out in our case. For the simple combustion-chamber 
chosen and described I have worked out these flame- 
front areas for the last half of the combustion-time; 
and they are plotted in Fig. 6 with an arbitrary choice 
of a maximum area of flame-front equal to unity. 

The product of the flame velocity and the flame-front 
area gives the volumetric rate of “burn.” This continues 
to rise for a little while even after the flame-front area 
has begun to decrease, because the flame velocity is still 
increasing; but the decreasing area of the flame-front 
soon becomes the dominant factor, and the volumetric 
rate of burn must reduce to zero as the combustion ends. 

The time integral of the volumetric rate of burn is the 
volume burnt and is proportional to the rise of the pres- 
sure from the combustion. This calculated curve of 
pressure-rise plotted against time in Fig. 6 is the end 
toward which we have been working. It is shown to be 
a direct consequence, in its form, of the law of flame 
velocity plotted against time and the geometry of the 
combustion-chamber. The velocity-time law chosen was 
the simplest possible; it remains to be seen whether the 
results deduced from it give a fair picture of the actual 
progress of combustion in bombs or engine cylinders. 

We may summarize the results shown in Fig. 6 in a 
few numerical statements. According to these calcula- 
tions the maximum area of the flame-front occurred at 
68 per cent of the explosion-time, the maximum rate of 
burn at 74 per cent of the explosion-time, the beginning 
of the perceptible rise of pressure from combustion at 


” See Automobile and Aircraft Engines, by A. W. Judge, pp. 28-30, 


32, 55-56 


August, 1923 No. 2 
116 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


between 40 and 50 per cent of the explosion-time and the 
half rise of pressure at 74 per cent of the explosion-time. 
The figures for the fractions of explosion-time at which 
the rise of pressure begins to be perceptible and at which 
it reaches half value are the important figures for our 
study. 

Judge, in the chapter on Explosion and Combustion”, 
gives a number of pressure-time cards from bombs and 
from engine cylinders. In Petavel’s spherical bomb, the 
half pressure-rise came at 85 per cent of the explosion- 
time. In Hopkinson’s bomb that was nearly spherical 
and had central ignition, the half pressure-rise came 
at 81 per cent of the explosion-time. In spherical bombs 
the reduction of the flame-front area by running into 
the walls would be expected later in the burn than in 
a cylindrical vessel; these figures are not inconsistent 
with the computed 74 per cent for a cylindrical chamber. 
One pressure-time card from a gasoline engine shows the 
half pressure-rise at 65 per cent of the explosion-time, 
while with another it is at 72 per cent; the same engine, 
with benzol, gives 69 per cent; a producer-gas engine 
gives 79 per cent for the half rise, and 44 per cent for 
the beginning of the rise. 

To check the shape of the pressure-time curve in our 
own experiments we used a 7-hp. stationary Fairbanks 
hit-or-miss engine in the Cornell University laboratory. 
The speed of 340 r.p.m. made it possible to take indicator- 
cards with a Crosby indicator; the indicator-drum drive 
was offset 90 deg. so that pressure-time cards were ob- 
tained. In this engine we found the ratios to the total 
explosion-time for the beginning of the rise of pressure 
and for the half rise to be 0.54 and 0.81 on a lean mix- 
ture; on the maximum-power mixture, 0.54 and 0.77, and 
on a rich mixture, 0.44 and 0.71. Altogether, it seems 
that, for engines in general, we may assume pretty ac- 
curately that half pressure-rise will occur at, or very 
close to, 75 per cent of the explosion-time. The theoreti- 
cal conclusions of Fig. 6 are confirmed experimentally, 
though the assumption as to the law of flame velocity 
was so inadequately simple. 


CORRELATION OF OPTIMUM SPARK-ADVANCE AND Ex- 
PLOSION-TIME 


This brings us to the relation, or correlation, between 
the optimum spark-advance and the explosion-time. For 
we may reasonably assume that we wish to time the 
spark, for best results, so that the combustion will occur 
at one-half before and one-half after the dead-center 
position of the piston, or that the half pressure-rise will 
occur at the dead-center. This makes about the best ap- 
proximation to a vertical combustion line on the pressure- 


TABLE 1—COMPARISON OF PRESSURE-VOLUME AND PRESSURE-TIME INDICATOR-CARDS OBTAINED FROM FAIRBANKS 7-HP. 
5 x 7 IN. STATIONARY HIT-OR-MISS ENGINE, RUNNING AT 340 R.P.M. 


Timing by Ratio to Explosion-Time 
Pressure- Pressure-Time Cards; Timing, Deg. of Beginning of Half 

Volume Spark- Pressure-Rise Explosion- Pressure- Pressure- 
Mixture Cards Advance Begin Half Peak Time, Sec. Rise Rise 
Lean Later +20 —15 —25 —40 0.029 0.58 0.75 
Late +30 — 1 —14 — 22 0.026 0.60 0.85 
(% turn) Good +40 +15 — } — 9 0.024 0.51 0.84 
Good+ +50 +29 +13 + 3 0.023 0.45 0.79 
Good Late +20 — 8 —20 —31 0.025 0.55 0.78 
Good — +30 + 2 — § —23 0.026 0.53 0.72 
(% turn) Good+ +40 +11 +1 — 9 0.024 0.59 0.80 
Early +50 +25 +10 + 2 0.025 0.48 0.77 
Rich Late +20 —15 —25 —40 0.029 0.58 0.75 
(1% turns) Good — +30 +4 —12 —30 0.029 0.43 0.70 
Good +40 +15 —1 —22 0.030 0.40 0.66 
Early +50 +28 +4 —14 0.031 0.34 0.72 
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TABLE 2—-AVERAGE RESULTS FROM FAIRBANKS ENGINE 
TESTS 


c—F raction— 
of Explo- Ignition to—Actual Time, See.—, 


sion-Time Beginning First-Half Last-Half 
Mix- Explosion- to Pressure of Pres- of Pres- of Pres- 
ture Time, Sec. Begin Half sure-Rise sure-Rise sure-Rise 
Lean 0.0255 0.54 0.81 0.0138 0.0069 0.0048 
Good 0.0250 0.54 0.77 0.0135 0.0058 0.0058 
Rich 0.0299 0.44 0.71 0.0132 0.0081 0.0087 
Average 
of all 
Mix- 
tures 0.0268 0.52 0.76 0.1350 0.0070 0.0064 


Calculated optimum spark-advance, for half pressure-rise 
exactly at dead-center; lean mixture, 42 deg.; good mixture, 
39 deg.; rich mixture, 43 deg. 





volume indicator-card, and we know pretty well from 
practice that a nearly vertical combustion line in that 
card is indicative of the best power and efficiency of the 
engine. 

To check the assumption that the timing of the spark 
so that the half pressyre-rise will occur at the dead-center, 
or that the explosion-time will be three-quarters over at 
dead-center, for the best pressure-volume indicator-card 
shape, we made experiments on a 7-hp. Fairbanks sta- 
tionary engine. Both pressure-volume and pressure-time 
indicator-cards were taken. The results are given in 
Table 1. The first column of the table gives the mix- 
tures; the measurement was in turns of a needle-valve 
in a plain venturi carbureter. The second column gives 
the judgment as to the spark-timing from the shape of the 
pressure-volume indicator-card. Late timing is indicated 
by — signs and early timing by + signs; the measure- 
ments of the timing are in degrees of crankshaft rotation 
from the dead-center. The spark-advance was measured 
on a calibrated index-scale on the timer by jump-spark 
ignition. Particular attention is called to the correlation 
of the second column, the timing by the pressure-volume 
card with the fifth column, the timing of the half pres- 
sure-rise in crank-angle degrees. It will be seen that 
the cards called “good” in pressure-volume card shape 
had the half pressure-rise substantially at the dead- 
center. 

Table 2 summarizes and averages the results of the 
tests in Table 1. Each result in Table 1 is itself the 
average of four or five cards of each kind, either of 
pressure-volume or of pressure-time. It is interesting 
to study, in Table 2, the change in the combustion habit 
with the mixture-ratio. The time from the ignition to 
the beginning of the pressure-rise seems to be inde- 
pendent of the mixture-ratio. The first half of the rise 
of pressure of the lean mixture is slow and the last half 
fast, as compared with the other mixtures. The rich 
mixture is slow in both halves of the pressure-rise but 
more so in the second half. The maximum-power mix- 
ture is not only the quickest to burn, but has a consider- 
ably more rapid and more symmetrical pressure-rise. 
The very high speed of burning in the last half of the 
pressure-rise of the lean mixture may be tied up with the 
fact that such mixtures are the only kind that backfire 
in an engine. The calculated optimum spark-advances 
for all three mixtures in Table 2 are astonishingly close, 
42, 39 and 43 deg., and these results confirm our tests 
on the Ford and Continental engines very nicely. They 
also check the 40-deg. spark-advance data in Table 1 
closely. The optimum spark-advance in Table 2 is cal- 
culated by converting the time in seconds for each mix- 
ture, from the ignition to the half pressure-rise, into 
crankshaft degrees ahead of the dead-center. 

We may consider that we have proved experimentally 


"See Automobile and Aircraft Engines, by A. W. Judge, p. 55 
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what we deduced theoretically, that the optimum spark- 
advance is such that the half pressure-rise occurs at the 
dead-center; and that this stage of the pressure-rise 
occurs practically at 75 per cent of the explosion-time 
after ignition. Writing a for the spark-advance in de- 
grees, and a, for the optimum advance, e for the explo- 
sion-time, R for the number of revolutions per minute, 
we have then a/6R = the spark-advance in seconds, and 
a,/6R = %4e whence a, = 9eR/2 and e = 2ac0/9R. By 
finding a, for an engine on the test stand, through the 
change of the spark as a single variable, noting the 
torques resulting while the speed, the intake-suction, the 
temperatures and the like are held constant, we can 
measure é, the explosion-time, under the conditions of 
the test. So through the optimum spark-advance we can 
investigate changes of the explosion-time by mixture 
variation, dilution, turbulence and the like and open the 
door to a wide field of study of combustion processes 
in engines. 
TURBULENCE 


I have mentioned already that turbulence is a factor 
in speeding-up combustion, quoting some results in en- 
gine tests by Dugald Clerk. Hopkinson” experimented 
on turbulence with a fan inside a cylindrical bomb 12 in. 
in diameter. He used a 1 to 9 mixture by volume of 
coal-gas and air. The data of his tests are plotted in 
Fig. 7. Assuming, as a most simple relation, that the 
speed of the flame travel is a linear function of turbu- 
lence, we should have flame speed equals the size of the 
bomb divided by the explosion-time or K (1 + DR), 
where K is the reciprocal of the explosion-time without 
turbulence, and R is the revolution speed that measures 
the turbulence. Fig. 7 shows that this simple equation 
is satisfactory for the bomb tests. Later, it will be 
shown that the same type of equation holds good for 
an engine; R is then the speed of the engine in revolu- 
tions per minute. The constant b we shall call the turbu- 
lence factor. For Hopkinson’s fan and bomb, the constant b 
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is 0.0016; in automotive engines b becomes of the general 
magnitude of 0.001. This means that turbulence cuts 
the explosion-time in two at 1000 r.p.m., divides it by 3 
at 2000 r.p.m. and so on. In racing-engines the explosion- 
times drop to 1/5, and in engines with small cylinders 
they drop perhaps to 1/10. 

In finding the turbulence factor for a given engine 
one must first eliminate from the results the dilution 
factor, the slowing-up of combustion by dilution with 
exhaust gases that have been caught in the clearance 
volume. The dilution at a constant speed increases as 
the throttle is closed, but is not zero at full throttle. 
After the dilution effect has been eliminated from the 
test results, the curve of the optimum spark-advance for 
zero dilution versus the speed can be analyzed for the tur- 
bulence factor after the manner of Fig. 7. Since e, the 
explosion-time, = 2a,/9R, the reciprocal of e is 9R/2ap. 
A plot of 9R/2a, for zero dilution against R will find the 
constants 1/e, where e, is the characteristic explosion- 
time of the combustion-chamber of the engine as a bomb 
without turbulence or dilution, and b, the turbulence 
factor of the engine. 


DILUTION WITH EXHAUST GASES 


Dilution with exhaust gases is never absent in Otto- 
cycle-engine operation. At the end of the exhaust stroke 
of a 4-stroke-cycle engine the clearance volume C of a cyl- 
inder is filled with exhaust gas at an absolute pressure of 
», and an absolute temperature of T,. As the piston moves 
down on the suction stroke this exhaust gas, or the spent 
or dead gas, re-expands behind the piston. It continues 
to expand until the pressure drops to P;, the intake- 
manifold pressure. Of course, when an engine with 
mechanically operated rather than automatic intake- 
valves is throttled, the exhaust gas flows from a cylinder 
into the intake-manifold when the intake-valve opens 
and is later sucked back through the valve into the 
cylinder. Essentially, however, the clearance gas must 
be expanded to the pressure P; before any new charge 
enters the cylinder. The volume of the new charge 
taken per cycle at pressure P; and temperature 7; is then 
V + C, displacement + clearance volume, less the volume 
of the re-expanded exhaust gas. This re-expanded 
volume is C(p./P;i)'/”; where y is the ratio of the spe- 
cific heats. The volume of the new gas per cycle is, then, 
at conditions P; and T;, V + C—C (p-/P;)'/"; the total 
volume, at p; pressure is V+ C. We may define the 
dilution ratio as the ratio of the total gas in the cylin- 
ders at the end of the suction stroke to the new charge. 
Volumetrically, the dilution ratio is (V + C)/[V + C 
—C (p-/Pi)'”|. If the compression-ratio is r= 
(V + C)/C, the volumetric-dilution ratio is r/[1r/(pe/Pi) 
*/v) or 1 + [(p-/Pi)'”/1 r — (pe/Pi)*”}]. Those who 
deal with the mathematical analysis of internal-com- 
bustion engine operation will recognize in these ex- 
pressions for the volumetric-dilution 1atio the reciprocal 
of the volumetric efficiency of the engine referred to in- 
take-manifold conditions of pressure and temperature. 

The manner in which the dilution with exhaust gas 
changes the combustion-rate by slowing it is probably a 
complex of two things, each in its way a temperature 
effect. First, the exhaust or clearance gas is hotter than 
the new charge and as the two mix the temperature of 
the new charge is raised. This action does not disturb 
the volumetric calculations just given, because the ex- 
pansion of one part of the gas by heating is counter- 
balanced by the contraction of another part by cooling. 
But the new charge, being hotter before ignition, might 
be expected to burn more rapidly because of the dilution. 
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This does not happen, as it is swamped out and overcome 
by the second action of the dilution. This is the absorb- 
ing of the heat of combustion by the dead gases as the 
combustion progresses. The temperature to which the 
combustion would go if the gases were not diluted is 
greatly lowered by dilution. The operative factor igs 
really the “heat-mass” of the diluting gases, their ca- 
pacity for absorbing heat during the temperature rise, 
or the product of their actual masses by their specific- 
heats. As the new gas during combustion becomes ex- 
haust gas, the specific-heats after combustion will be the 
same for the products from the new charge and for the 
products of a previous combustion that dilute the new 
charge. Hence, the dilution factor, which is operative in 
holding-down the combustion temperature, is simply the 
mass-dilution ratio of the total weight of the gas in the 
cylinder to the weight of the new charge. The heating 
of the new charge, previous to ignition, on account of its 
mixing with the diluting dead gases, is also nearly pro- 
portional to the mass-dilution ratio, the temperature be- 
ing shifted from 7; toward T, very nearly in the ratio 
of the masses of the old and of the new charges. This 
shift is affected somewhat by the fact that the specific- 
heats at temperatures T; and T, are not exactly the 
same; but the losses of heat to the cylinder walls during 
the suction and the compression strokes are much more 
important than any effect caused by the variation of the 
specific-heat with the temperature. 

On the whole, then, we may expect the change in the 
combustion rate consequent on the dilution with dead 
gas to be some function probably of the mass-dilution 
ratio of the total gas to the new charge. And since the 
temperature effects are proportional to the mass-dilution 
ratio, and the temperature effects on the combustion 
rates can be represented fairly well by exponential func- 
tions, mathematically, we shall attempt to analyze the 
dilution effects by plotting the spark-advance versus the 
dilution ratios on logarithmic cross-section paper. 

The volume V + C — C (pe/Pi)’” of the new 
charge, at temperature 7; and pressure P; is mixed 
with a volume C (pe/P;)’/” of dead gas, of pressure P; 
and temperature T,./(pe/P;)’/”. Since the density of 
gases at the same pressure is inversely proportional to 
their absolute temperatures, the mass-dilution ratio of 
the total gas to the new charge is 1 + (p./Pi) (Ti/Te)/ 
| r— (pe/P;)’*/}, an expression that may be compared 
with the corresponding one for the volumetric-dilution 
ratio. 

In these expressions for volumetric or mass-dilution 
ratios the value of y, the specific-heat ratio, was left un- 
specified. We may choose two cases to be tried out on 
test results. First, because of its simplicity, we may 
see what will happen if y = 1, or the expansion is iso- 
thermal. Then the volumetric-dilution ratio becomes 
1+ (p-/Pi)/(r — p/P) ; and the weight-dilution ratio 
becomes 1 + (pe/Pi) (Ti/Te)/(r—pe/Pi). The two 
expressions differ in this case only in the fact that the 
exhaust temperature is higher than the intake tempera- 
ture. It follows that mass dilution is less than volu- 
metric dilution under the same conditions. 

There is another peculiar angle to this affair which is 
interesting. If T. rises, at constant p, and Pj, the cylin- 
der gas does not get hotter, because the mass of the ex- 
haust gases retained in the clearance drops as T, in- 
creases in inverse proportion to T, while its heat-content 
per unit mass increases in direct proportion to T,. Hence, 
the heat added by the clearance gas to the new charge at 
constant p, and P; is fairly independent of T.. 

Actually we can hardly assume that the re-expansion 
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of the clearance gases is isothermal. If it is adiabatic, 
the value of y is around 1.30 to 1.35 and it will be con- 
yenient to take 1/y as 0.75. The analysis of the engine 
tests justifies this, as will soon be shown. Also, in de- 
termining mass dilution, T, and T; need to be measured 
while obtaining the experimental data. 

In a wider field the change of the mixture-ratio may 
itself be taken as one kind of dilution. We may con- 
sider the perfect mixture, or the mixture for complete 
combustion, to be diluted either with excess fuel or with 
excess air. Actually this assumption is a rather poor 
one, in the case of rich mixtures at least, because the 
chemical reactions of combustion are not the same when 
the mixture-ratios are varied. But the nitrogen-com- 
ponent of the air probably acts as a diluent much as ex- 
haust gas does in the engine. An inspection of the 
curves of explosion-time versus mixture-ratio, as in Figs. 
1 and 2, shows a general tendency to a curve of cubic 
form, or thereabout, symmetrical about a vertex for the 
mixture at the maximum combustion-rate. It will be 
shown from the engine tests that combustion is slowed 
by dilution with exhaust gases in proportion to the in- 
verse cube of the mass-dilution ratio. 

In finding the dilution factor from engine tests one 
need not be particular about the value of p,-. At full 
load and speed, p, may be appreciably higher than at- 
mospheric pressure; but P; is then close to atmospheric 
pressure, and dilution does not vary rapidly with p,./Pi 
when this ratio is near unity. At light loads, pe becomes 
substantially identical with atmospheric pressure; and 
P; is equal to the atmospheric pressure less the intake 
suction. If P, represents atmospheric pressure and S 
the intake suction, all pressures being in same units, of 
course, then p,./P; may be replaced by P./(P.a — S) 
without much error. It is better, naturally, to measure 
values of p, and P;; but many extant data can be made 
available for fairly accurate determinations of dilution 
from the recorded values of S, with p, unknown and P, 
found by a reasonable guess. 

ORIGINAL CORNELL UNIVERSITY TESTS 

Our first tests to check the theory we have outlined, 
as affecting the optimum spark-advance for various loads 
and speeds, were made on a Ford engine in the Cornell 
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University laboratory. This is a stock engine with the 
exception of minor changes; it has Dow metal pistons, 
an Atwater Kent open-circuit ignition-system, and a 
Rayfield thermostat to control the temperature of the 
discharge water. The carbureter is of the regular Holley 
type. Instead of the air-horn for supplying heated in- 
take-air we used electric heating, and the air was metered 
by a Durley orifice. The temperature of the entering 
air was kept at 140 deg. fahr. unless otherwise noted; 
the discharge water also was at 140 deg. fahr. A Froude 
water-brake was used to measure and absorb the torque. 
Gasoline was measured by a specially calibrated Pen- 
berthy flow-meter. 





3—OPTIMUM SPARK-ADVANCES ON FORD ENGINE 
Intake Optimum 


TABLE 


Speed Suction, Spark- Tolerance in Spark-Advance 
R. P.M. In.of Advance, for 10 Per Cent Power Loss 
Mercury Deg. 
1,400 5.55 60 46 to 86 
1,400 8.80 64 48 to 64 
1,400 12.00 70 51 to 91 
1,400 14.20 85 72 to 100 
1,200 4.40 55 - 438 to 81 
1,200 13.30 63 40 to 82 
900 10.40 52 36 to 68 
800 2.60 53 32 to 72 
600 1.10 42 23 to 63 
600 6.70 42 23 to 61 
600 11.70 58 38 to 75 
600 16.60 49 37 to 59 


Some tests made on this engine, as a preliminary ex- 
amination, have been presented already in Figs. 3 and 4. 
The determination of the optimum spark-advance was 
for some time a part of the students’ work in the labora- 
tory. Each day a series of combinations of load or in- 
take suctions and speeds were investigated; at each load- 
speed setting a curve of the brake-torque versus the 
spark-advance with at least five points was found. Table 
3 shows such a set of determinations in 1 day’s work. 
These were obtained with the mixture always at or near 
the maximum-power value, the intake air and the dis- 
charge-water temperatures were 140 deg. fahr. and the 
barometric pressure was 29.35 in. After a considerable 
amount of data such as those in Table 3 had been col- 
lected, curves were plotted, as in Fig. 8, of the optimum 
spark-advance versus the intake suction for a constant 
speed. Such curves were used for reducing all the re- 
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sults to a zero intake-suction, as we had not at that time 
gone far in the analysis of the dilution effect. Reduction 
to a zero intake-suction is reduction to a constant, not 
zero, volumetric dilution with spent gas, and to a mass 
dilution that is not constant at all speeds, because the 
exhaust temperature rises with the speed. The curves 
of Figs. 8 and 9 will illustrate, however, a very good 
method of analysis for commercial purposes. In Fig. 8 
the effect of intake suction is seen to be, with sufficient 
accuracy, the same for all speeds; in other words, a curve 
of intake-suction effect can be drawn at the bottom of 
Fig. 8, and a curve parallel to this will answer for each 
speed. With the aid of this curve for intake-suction 
effect all the data were reduced to values for a zero in- 
take-suction, and with these reduced values the curve of 
the optimum spark-advance for zero intake-suction versus 
speed in Fig. 9 is plotted. The optimum spark-advance 
for any combination of speed and intake-suction can then 
be found by adding together the advance-for-speed effect 
from Fig. 9, and for intake-suction effect from Fig. 8. 
For example, at 800 r.p.m. a 12-in. suction requires 47 
deg. for speed and 13 deg. for suction or a total of 60 
deg. 

It is obvious that if this possibility of representing the 
optimum spark-advance in a given engine as a sum of 
two parts, one for speed and one for intake suction, is 
confirmed on other engines, we have a basis immediately 
for an automatic mechanical control of the spark-advance 
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that will keep it always very close to the optimum value. 
In the example just cited, the control for speed alone 
would have to be set for the full-load conditions, and if 
the automatic control by speed alone were not corrected 
by supplementary hand-control the error of spark-setting 
at the 12-in. suction would be sufficient to cause a loss of 
about 5 per cent in power and economy. As this loss 
occurs under the most common running conditions, it js 
worth thinking about. 

Since we have not, in the curve of Fig. 9, entirely 
eliminated the effect of dilution, but have merely re- 
duced it to a point where the dilution effect is nearly 
constant, we cannot, perhaps, determine the turbulence 
effect with complete accuracy. The form of the curve in 
Fig. 9 is due principally, however, to turbulence effect. 





Hence, in Fig. 10, we plot R/a, versus R, pick- 
ing values of a, from Fig. 9 for various values 
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of R. The curve in Fig. 10 is really only a graphic 
analysis of Fig. 9. The equation of the straight line in 


Fig. 10 is R/ag = 9.3 (1 + 0.0010R) Hence the 
equation of the curve in Fig. 9 is ado =0.108R 
(1 + 0.0010R). Since a, = (2/9)R times the explosion- 


time, it follows that the explosion-time of the Ford en- 
gine combustion-chamber as a bomb, without turbulence, 
but with the dilution corresponding to a zero _intake- 
suction, is (2/9) * 0.108 = 0.0230 sec. 

It is rather gratifying to find, in Fig. 10, that turbu- 
lence in an engine corresponds to the same type of law 
of action as in the case of Hopkinson’s bomb tests, as is 
shown by comparing Figs. 7 and 10; and that the turbu- 
lence factor for the speeding-up of the combustion by 
turbulence can be evaluated so readily by simple tests 
for determining the optimum spark-advance. 


SUPPLEMENTARY TESTS ON A CONTINENTAL ENGINE 


As Fig. 8 shows, the data obtained from student work 
on the Ford engine were not good enough to evaluate 
the dilution factor in spark-advance in a scientific way. 
Hence, we turned to a Continental 7-R six-cylinder en- 
gine, which we have set up in the Cornell University 
laboratory, with an electric dynamometer and a fairly 
complete outfit of measuring devices. A Sylphon thermo- 
stat maintains the discharge water at from 135 to 140 
deg. fahr.; the carbureter is of Stromberg make, model 
M1; the intake air is at room temperature, and a large 
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hot-spot incorporated into the manifold. The compression 
ratio is 4.55 to 1. At full throttle, this engine detonates 
considerably on Standard Oil gasoline and this fact was 
bothersome at times, yet led to one of our most interest- 
ing discoveries concerning the reaction-rate of com- 
bustion, or the effect of an anti-knock. 

The main body of our experimental work on the Con- 
tinental engine is shown in Figs. 11, 12, 13, and 14. At 
each of the speeds, 400, 800, 1200, and 1600 r.p.m., we 
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made sets of runs with the intake-suction at 5, 10, 15 and 
approximately 20 in. of mercury. In these runs we 
found the brake mean-effective pressure and the exhaust 
temperature as functions of the spark-advance. The 
optimum spark-advance can then be read off at the peak 
point of the brake-torque—mean-effective-pressure curve 
found for each combination of speed and suction result- 
ing from a change of the spark-advance. Fairing curves 
represented by the dashed lines of Figs. 11 to 14 of the 
spark-advance versus the mean-effective pressure were 
then drawn in for each constant speed. The general re- 
sults of varying the optimum spark-advance with the 
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_ intake-suction or load are grouped in Fig. 15 and plotted 


for constant speeds. The observed points plotted in Fig. 
15 are the peaks of the curves of Figs. 11 to 14, without 
fairing; the curves drawn in Fig. 15 are laid in with 
regard both to each other and to the fairing curves in 
Figs. 11 to 14. The curves of Fig. 15 are replotted in 
Fig. 16 as curves of the spark-advance at a constant in- 
take-suction versus the speed. 

Throughout the tests on the Continental engine the 
mixture-ratio was kept near to that of maximum power. 
When running near to the 20-in. suction any setting of 
the mixture for steady satisfactory running at the lower 
speeds was difficult and sometimes almost impossible; it 
could be done at the higher speeds. This circumstance 
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Fic. 15—-CuRVES SHOWING THE RELATION BETWEEN THE OPTIMUM- 
SPARK-ADVANCE AND THE INTAKE SUCTION FOR VARIOUS SPEEDS OF 
A Srx-CYLINDER CONTINENTAL ENGINE 
probably is part of the reason that the spark-advance at 
the 20-in. suction must be so great at low speeds. The 
dilution of the charge with exhaust gas is, of course, very 
high at a 20-in. intake-suction; and it is higher at low 
speeds than at high ones, because the exhaust tempera- 
tures are higher at high speeds. 
The exhaust temperatures found are plotted in Fig. 17 
against the intake suction for constant speeds, and in 
Fig. 18 against the speed for constant intake-suctions. 


80 


60 


40 


Optimum Spark -Advance,deg 





0 
0 400 800 l200 1600 2000 
Speed, r.p.m 
Fic. 16—CurvVES SHOWING THE RELATION BETWEEN THE OPTIMUM 


SPARK-ADVANCE AND THE SPEED OF A CONTINENTAL ENGINE FOR 
VARIOUS INTAKE-SUCTIONS 





(Concluded on p. 172) 





Vol. XIII August, 1923 No. 2 Vol. 





The Coordination of Motor-Truck and | = 
Railroad ‘Transportation 4 














freis 
{ carl 
——n ——_— —_—_——— : -- — sign 
By W. J. L. Banna! CLEVELAND TRANSPORTATION DINNER ADDRESS | carl 
- — ~— - | rail 
, rem 
RANSPORTATION is the most important problem and highways. The public is entitled to that form of org 
in the Country today. The lack of transportation transportation which is most economical and should not fre! 
is seriously impeding the production of the Coun- be compelled to use any form of transportation that does a d 
try and unless we can create a condition whereby it will not perform the service, from both a time and rate stand- the 
be entirely possible to move a substantially increased point, to which it is entitled. of | 
tonnage by the more intensive use of our present facili- It is generally agreed that the highways and the motor ery 
ties, the present unsatisfactory condition will continue trucks have been developed along most efficient lines, but 1 
and the public will be required to pay high freight-rates the problem that has to do with the use of the highways spé 
and in return receive unsatisfactory service. by motor trucks still remains unsolved. This is due } los 
The settlement of most transportation problems of na- probably to the fact that there does not seem to be the cos 
tional and general concern depends largely on the under-__— proper relation between the highway and the rail carriers. us 
standing of them and on the realization that the interests This may be due to a lack of understanding as to the eco- to 
of the carriers, the shippers and the public are for the nomic rights, in the interests of the public, of these two se 
most part identical. Notwithstanding the phenomenal important forms of transportation. an 
increase in transportation by motor truck, there is an in- The railroads of the Country are faced today with the 
sistent public demand for more and better transporta- most severe motor-truck competition covering short-haul a 
tion by rail. With hardly an exception, the main lines’ freight movements, that tends to deplete further their “ 
of the railroads in the United States have sufficient capac- much needed freight revenues. The motor truck is also cr 
ity for the moving of all freight that can be offered to hauling freight long distances, frequently at rates that th 
them and, generally speaking, rail transportation is re- are considerably higher than rail rates, and if inquiry be la 
stricted only by the complicated movements and delay of made as to why the motor truck handles long-haul freight tt 
cars and freight within the terminal areas. the answer usually is: The motor truck gives the ser- . 
The congestion at the railroad terminals, while re- vice, while the railroads do not. ¥ 
stricting the use of motor trucks, as supplements to rail- This is not entirely true, but it is true in a great many P 
road service within terminal areas, has opened up a field instances. Rail carriers complain that motor trucks haul . 
for their operation in competition with the railroads and freight when the rates are high and the road conditions : 
has developed the use of motor trucks to furnish complete are good. When motor-truck conditions are not favor- : 
transportation between industries separated by what is able, particularly in winter, the railroads are required to 
deemed to be a reasonable trucking distance. The limit haul this class of freight, which further adds to their 


of a reasonable trucking distance is variously estimated. 
During the last 10 years, owners of trucks have under- 
taken to extend the limit to so-called long-distance truck- 
ing, often with disastrous financial results to themselves, 
and their operations have aroused public clamor because 
of the damage alleged to have been caused by the move- 
ment of heavily laden trucks over highways, many of 
which have been recently constructed or improved at 
great public expense. The railroads also are feeling the 
effect of the competition of these long-distance trucking 
operations, paralleling railroad lines. 

Undoubtedly within terminal areas and within a radius 
of at least 25 miles from the center of a terminal area, 
complete transportation of merchandise and of all other 
less-than-carload freight can be furnished by motor 
trucks more efficiently and economically than by railroad. 
In fact, such transportation by motor truck is profitable, 
whereas by rail and cartage combined it is unprofitable. 
It would, therefore, seem that if the motor truck and the 
rail carriers are to be coordinated the activities of the 
motor truck should be largely confined to the moving of 
freight within the terminal areas or adjacent thereto. 

The public is entitled to the prompt movement of 
freight, and the carriers, when performing this service, 
are entitled to just and reasonable rates. There are three 
forms of transportation, namely, railroads, waterways 





1 General traffic manager, Otis Elevator Co., New York City; and 
president, Associated Traffic Clubs of America. 
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many transportation troubles. 


It has been said that the public ultimately will define 
the economic range of the motor truck. This is undoubt- 
edly true, but the public will have to be educated, either 
by the railroads or by the shippers, in order that they can 
arrive at the proper conclusion. 

The highways and the motor truck can do much to help 
or hamper the rail carriers, but before improvement can 
be made it will be necessary to coordinate the rail and the 
highway and place each form of transportation in its 
proper economic field. It will, therefore, seem important 
that in the interest of the public the rail and the highway 
carriers should get together and endeavor to arrive at a 
proper understanding as to their rights. 

The shipping public is being urged by the carriers to 
load cars to capacity and to unload and load promptly, 
which would mean the use of much additional equipment 
now idle, due to conditions over which the carriers do not 
seem to have control. There is a limit, however, as to the 
amount of freight that can be loaded on cars, which is 
controlled in a great many instances by commercial con- 
ditions. This is not true, however, so far as the prompt 
unloading and loading of cars is concerned. The carriers 
urge that this be done but make no recommendations as 
to how it can be accomplished. I shall therefore call to 
your attention the necessity for the closest cooperation 
between all parties in the interest of some method that 
would tend to speed up what we might call “terminal 
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transportation.” This applies particularly to less-than- 
earload freight. 


TERMINAL TRANSPORTATION 


The prevailing practice is to unload less-than-carload 
freight from cars into the freight-houses and to place 
carload freight on delivery tracks and then notify the con- 
signee by mail of the arrival of the goods. Less-than- 
earload shipments remain in the freight-houses of the 
railroads an average time of 3 days; carload shipments 
remain on delivery tracks in excess of 2 days. A well- 
organized store-door delivery plan should make the 
freight-house space available for use not less than twice 
a day, instead of once every 3 days; thus the capacity of 
these facilities would be increased six-fold. The capacity 
of the delivery tracks should, under the store-door deliv- 
ery plan, be increased four-fold. 

The investment in freight-house and delivery-track 
space represents an item of expense that is frequently 
lost sight of by the railroads in their computation of the 
cost incident to the handling of the traffic involving the 
use of these facilities. Attention is, therefore, directed 
to the fact that this item alone, in some localities, repre- 
sents an expense of $3 per ton on less-than-carload traffic 
and as much as $10 per day per car on carload traffic. 

Obviously, therefore, an increase in the capacity of an 
existing facility results in a reduction in the overhead 
expense of operating the facility, provided that the in- 
crease in the capacity is utilized. With a reduction in 
the overhead expense and a substantial reduction in the 
labor cost of handling freight through freight-houses, 
the railroads could well afford to offer the consignee, as 
an inducement to avail himself of store-door delivery ser- 
vice, a rate that is substantially lower than he is now 
paying. Unless the plan is made attractive to the con- 
signee the volume of traffic influenced by it will not be 
sufficient to afford the freight-houses and the delivery 
tracks any material relief. And by making available to 
the consignee a better service at a lower cost to him all 
grounds for criticism and objection would be removed. 

If we are to speed-up the movement of the freight pass- 
ing through the terminals it will be necessary for the car- 
riers and the shippers to agree upon and develop a system 
of store-door delivery and collection service. This would 
mean the more intensive use of the present terminal 
facilities and would make it entirely possible to handle a 
heavier tonnage both inbound and outbound. It is im- 
portant that the rail carriers have control of their freight 
terminals in order that they may clear them promptly of 
inbound and outbound freight, which does not seem to be 
possible under the present method of handling freight 
moving over the carriers’ platforms and freight termin- 
als. 

What is needed at present is closer cooperation between 
the shippers and the receivers of freight and the rail 
carriers. The lack, however, of a definite plan for han- 
dling this class of freight has resulted in the freight’s 
remaining in the carriers’ terminals to the extent that 
there is more or less freight congestion at all times. 
When the congestion becomes acute, freight embargoes 
are issued by the carriers, that result in the partial stop- 
ping of freight movement until the terminals can be 
cleared. It further results in delaying the carriers’ equip- 
ment, which is needed both at this and at all times. 

The present cost of handling freight through the ter- 
minals warrants the carriers in taking all the steps pos- 
sible toward the prompt removal of freight from their 
terminals. No storage charge is sufficient to reimburse 
the carriers for the freight held in their terminals, on ac- 


count of the space occupied, the extra labor required 
through the consequent congestion and the cost of ship- 
ments lost or damaged by storage and congestion. 

Can the motor truck be used to relieve freight conges- 
tion, thereby reducing the carriers’ terminal expense, and 
to transport freight to and from the carriers’ terminals 
to a greater extent than it is being used at present? Under 
a proper system and organization the motor truck should 
play an important part in speeding-up terminal trans- 
portation. To do this, however, it would be necessary for 
the carriers and the shippers to agree upon a store-door 
collection and delivery service, which seems to be the only 
method whereby freight can be moved to and from 
freight terminals in the shortest possible time. Store- 
door delivery would relieve freight congestion and delay, 
and should finally solve the carriers’ terminal problem. 


PRACTICE IN CANADA 


Canada has solved the terminal-congestion problem by 
the adoption of store-door delivery. Practically since the 
inception of railroads in eastern Canada carriers in the 
principal distributing centers have provided a cartage 
service to and from the freight terminals and the ware- 
houses or the store-doors of the shippers and the con- 
signees. Both services appear to be economically sound, 
even when viewed from the standpoint of the carriers’ 
interest. 

It is interesting to note the reasonable teaming charges 
in Canada, which are made possible by organized team- 
ing under a store-door delivery system. The average 
cartage-rate on carload lots is $0.04 per 100 lb. and the 
average cartage-rate on less-than-carload lots is less than 
$0.06 per 100 lb., which covers delivery to the wholesale 
and the manufacturing districts, a radius of approxi- 
mately 214 miles from the terminals. The same cartage- 
rates prevail on outbound shipments moving from the 
shippers’ warehouses to the carriers’ terminals. 

As already stated, the service in eastern Canada is 
governed by tariffs issued by the carriers and applies to 
practically all traffic coming under the generally accepted 
terms of merchandise and package freight. It contains 
many advantages to the carriers, the shippers and the 
consignees. With the exception of such consignees as 
have elected to do their own teaming and have so notified 
the carriers, no advice of arrival is given. The freight 
is billed to the teaming companies with charges to collect 
and is delivered from the terminal, or car if a carload, 
within a few hours of the unloading or the placing of the 
car on the team track. The teaming companies have their 
own superintendent in the freight terminal, whose busi- 
ness it is to see that the trucks are promptly dispatched 
with loads for delivery within certain areas or zones, with 
the result that freight usually is in the consignee’s ware- 
house before an arrival notice could reach him by mail. 
All freight is moved through the carriers’ terminals or 
from the cars with a minimum of delay and freight 
charges, and the receipt for the delivery of the freight is 
obtained from the consignees by the teaming companies. 

The same principle governs outbound shipments. The 
shipper telephones the teaming company operating for 
the carrier over whose line he desires to ship that he has 
a load or half a load as the case may be. These orders 
are consolidated by the teaming company serving the dis- 
trict in question, the freight is picked up at the shipper’s 
warehouse and the bill of lading is signed by the teaming 
company as agent for the carrier. It is then in transit, 
the carrier’s responsibility under the system beginning 
at the shipper’s warehouse door on outbound traffic and 
ending at the consignee’s warehouse or store door on in- 
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bound traffic. No orders for trucks to be filled that day 
are accepted by the teaming companies after 3 p.m., as all 
outbound loads either must be in the carrier’s terminals 
or in line for unloading before 5 p.m. The system con- 
templates loading all the cars and forwarding all the out- 
bound shipments unloaded into the terminals each day. 

It is estimated that approximately 95 per cent of the 
shippers and consignees in towns and cities where there 
is store-door delivery use the carrier’s teaming service, 
and it goes without further enlargement that this ser- 
vice must be a fairly satisfactory one to the public. The 
fact that the teaming companies handle such a large per- 
centage of the traffic enables them to arrange for the 
loading and to utilize their equipment to the greatest pos- 
sible extent. 

The use of the motor truck and its proper relation to 
the short haul is an important problem in which the pub- 
lic is vitally interested, but the proper solution has not 
been agreed upon up to the present time. 


FIELD OF THE MOTOR TRUCK 


I believe that the motor truck and the highways should 
be used for the handling of short-haul freight over dis- 
tances up to 25 miles or distances to be agreed upon by 
both parties. This would relieve the rail carriers of the 
responsibility of handling short-haul freight, which is 
not only carried at a loss from the viewpoint of the rate, 
but also congests the terminals and restricts the use of 
the carrier’s equipment that is much needed for long- 
haul traffic. The carriers and the motor trucks should 
agree to cooperate in the handling of freight over dis- 
tances to be agreed upon from the territory in which it is 
uneconomical for the carriers to handle freight and where 
it is to the advantage of the motor truck to take care of 
the short haul. 

There is no reason, so far as I have been able to ascer- 
tain, why the motor truck should not act as a feeder to 
the rail carriers, the truck operators acting as agents of 
the rail carriers and having their duties and responsibili- 
ties clearly defined by tariff rules and regulations. An 
arrangement, such as that outlined, within a short time 
would place the motor truck in a proper field and tend to 
eliminate the present unwise highway competition. Un- 
der this arrangement the public would be advised as to 
the rates to be charged; and I believe that a service would 
be rendered that would not only be satisfactory to the 
shipping public, but also prove financially satisfactory to 
both the motor-truck operator and the rail carriers. 

The movement of less-than-carload freight between the 
carriers’ sub-stations and main stations is also an im- 
portant problem, inasmuch as it involves much expense 
on the part of the carrier; and in many cases the service 
rendered is unsatisfactory to the public on account of the 
delay experienced by the carriers’ handling this class of 
freight in what is known as “transfer cars.” It seems 
that the transfer of this class of freight properly belongs 
to the facilities offered by the motor truck; it would elim- 
inate the use of the carriers’ equipment for the moving 
of this class of freight and would benefit both the ship- 
pers and the carriers of the Country greatly. 

Notwithstanding the fact that existing terminal facili- 
ties are admittedly inadequate to accommodate carload 
traffic, the railroads, at a number of terminal centers, are 
using cars for the interchange of less-than-carload 
freight. The use of cars for this service not only seri- 
ously delays the traffic, but adds to the congestion of the 
terminals. It is admitted that 3 days is the average time 
consumed in moving a car from the loading station of one 
railroad to the unloading station of another railroad at 
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one large terminal center, while at another terminal cen- 
ter when the traffic is handled by automotive equipment, 
95 per cent of the freight so handled is delivered to the 
forwarding line on the same day that it is unloaded from 
the cars by the receiving line. 

In some cases railroads have built substations outside 
the congested district, where all less-than-carload freight 
is concentrated, unloaded and reloaded into cars for dis- 
tribution to various points. It is believed that, instead 
of reloading this freight into cars, it should be handled 
by automotive equipment, even though that service should 
prove slightly more expensive than moving the cars, to 
the end that relief may be afforded to the terminals and 
the cars be released for more profitable service. Unques- 
tionably, prohibiting the use of cars and terminals for 
this character of service would measurably increase the 
capacity of the existing facilities. 

The remedy for this situation presents no serious ob- 
stacles. It is only necessary for the railroads to arrange 
for handling the traffic by truck or dray. This arrange- 
ment might well be left in the hands of the local repre- 
sentatives of the railroads and the responsibility for the 
prompt and economical moving of the traffic be placed on 
them. If it should be found that no local transfer-com- 
pany is equipped to do the work, it would be time to nego- 
tiate with an organization that is rendering a satisfac- 
tory and economical service at some other point. 

The transferring of less-than-carload inter-line freight 
is also a costly operation to the carriers and tends further 
to congest the carriers’ yards and terminals on account of 
delayed equipment, and with the methods now used in 
loading and unloading inter-line freight it seems that the 
motor truck is especially adapted for moving this class 
of freight, by the use of demountable bodies and other 
automotive equipment. I am firmly of the opinion that 
the result would be a speeding-up of inter-line freight and 
that handling by automotive equipment would result in 
profitable operation for the motor-truck companies and 
give prompt service to the public instead of delayed ser- 
vice and at a decreased cost to the rail carriers. 


TRAP CARS 


The movement of less-than-carload freight now being 
handled in trap cars is a problem that still remains un- 
solved, and I am satisfied that when full consideration has 
been given to the rights of the highways and the motor 
trucks, without interfering with the just rights of the 
rail carriers, the motor truck can and should be used for 
this special class of service. 

What has been said with respect to the use of cars and 
terminal facilities for handling interchange less-than-car- 
load freight between railroads will apply with equal force 
to “trap-car” service. The term “trap-car” is used to 
designate a service that is performed free-of-charge by 
the railroads for the shipper or the consignee with track 
location, on less-than-carload shipments weighing, or ag- 
gregating in weight, 8000 lb. or more. The practice is 
recognized by railroad officers as an unprofitable one and 
its discontinuance has been proposed by them on several 
occasions, not only because of its unprofitableness, but 
also because it gives to the shipper, or the consignee, lo- 
cated on a track, free store-door service on less-than-car- 
load freight, an advantage not enjoyed by shippers or 
consignees without track location. Freight agents and 
terminal superintendents are almost unanimous in ex- 
pressing opposition to the handling of less-than-carload 
freight in trap cars. Their opposition is based on the 
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HE author believes that the universal power unit 

will be direct air-cooled, but states that the direct 
air-cooled engine is now in the minority because, until 
very recently, there has not been a sufficiently broad 
series of established engineering facts and development 
work available to form a foundation for improvement. 
The satisfactory air-cooling of an 8 x 10-in. cylinder 
has been reported, and the development in a smaller 
cylinder of 138 lb. per sq. in. brake mean-effective pres- 
sure; also, in a three-cylinder, air-cooled, radial-engine, 
a brake mean-effective pressure of more than 125 lb. 
per sq. in. was developed and the engine endured beyond 
the ordinary expectations for water-cooled engines. 
Since these sizes and values are larger and greater 
than those of standard automobile engines, even though 
these developments may have been accomplished 
through the use of high-grade airplane-fuel, delicate 
aluminum finning and costly cylinder construction, the 
author feels justified in the conviction that direct air- 
cooling already is a success. The paper is devoted to 
a detailed and illustrated description and discussion of 
the engineering features of the car built by the com- 
pany represented by the author. 


HE direct air-cooled engine already has been de- 
veloped to a state of perfection that should, in a 
very short time, allow it to prove the superiority 
of direct air-cooling. When constructed properly from 
recent designs it will be found that its exhaust-valves 
will be cooler, the carbon formation less and that it will 
be free from burnt and warped valves that so often are 
caused by the formation of a lime deposit in the water- 
jacket adjacent to the cylinder-head and the valve-seats. 
The universal power unit will be direct air-cooled because 
it already has been proved superior in the desert and for 
polar-expedition usage. 

At present, the direct air-cooled engine is in the 
minority because, until very recently, a sufficiently broad 
series of established engineering facts and development 
work was not available to form a foundation from which 
the air-cooled engine successes of the immediate future 
could spring. S. D. Heron reports the satisfactory cool- 
ing of an 8 x 10-in. cylinder and the development in a 
smaller cylinder of 138 lb. per sq. in. brake mean-effective 
pressure, which is decidedly more than that developed by 
any standard automobile engine. C. Lawrance’s three- 
cylinder radial-engine endured far beyond the expectation 
for any water-cooled engine and showed a brake mean- 
effective pressure of more than 125 lb. per sq. in. which, 
once again, is far higher than that used by any standard 
automobile engine. Although the above developments 
may have been accomplished through the use of airplane 
fuel, a delicate aluminum finning and costly cylinder con- 
struction, I feel confident that the results should warrant 
the conviction of the most skeptical that direct air-cooling 
is a success and must be recognized as such if further suc- 
cessful engine development is accomplished. 


CooLING ABILITY 


About 22 years ago, John W. Wilkinson applied his 
skill to the construction and operation of the first direct 


1M.S.A.E Research engineer, H. H. Franklin Mfg. Co., Syracuse, 
N. ¥ 


By C. P. Grimes! 


125 


Illustrated with PHoroGRAPHS AND DRAWINGS 











Fig. 1- 


PHANTOM VIEW OF THE COOLING SYSTEM USED IN THB 
FRANKLIN CAR 


air-cooled car built by our company, and his work has re- 
sulted in our Series-10 car. ; 

I acknowledge that the cooling system on some of the 
early models of our cars was not all that could be desired, 
but I believe the Series-10 cooling system to be at least 
the equal of any water-cooled system. Supposing a tem- 
perature of 100 deg. fahr. in the shade to be that of a 
summer day, that the powerplant of a Series-10 car, with 
all the gasoline tanks, the mufflers and the like, has been 
removed and mounted on a power jack to run a dynamo- 
meter or pump that will allow regulation of the load and 
that a stream of air or water is provided to play on the 
oil-pan; this engine can then be run with open throttle 
at a speed of 500 to 2500 r.p.m. as long as desired, without 
the necessity of using any additional air-cooling, I sug- 
gest that if the powerplant from a water-cooled car were 
tested in this same way, respect for the alr-cooled engine 
would not be lessened. The Series-19 direct air-cooled 
powerplant has been operated from the Atlantic to the 
Pacific, far north and far south, through Death Valley 
and across the American Desert, and has demonstrated 
that the direct air-cooled engine has arrived. 

Fig. 1 is a phantom view of the cooling system. The 
Series-9 engine used a Sirocco cooling fan 17 in. in diam- 
eter, of 3%4-in. width of face and having 64 blades 
mounted on the flywheel to suck the cooling air down 
past the cooling fins, but the Series-10 fan is mounted 
at the front end of the crankshaft and blows the cooling 
air up through a duct over the top of the cylinder and 
then down past the cooling fins, exhausting into the hood 
of the car. The Series-10 Sirocco fan is 14 in. in diame- 
ter, has a 31% in. width of face and 64 blades tipped 32 
deg. forward the same as in the Series-9 engine. The 
blower system has been developed into a very efficient 
one that now delivers a greater volume of cooling air 
at a greater pressure, and yet consumes far less power 
to drive it, than does the Series-9 system, with the 17-in. 
fan. At 1600 r.p.m. of the engine, the 14-in. fan con- 
sumes 1 hp., as compared with 2 hp. for the 17-in. fan. 
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Fig. 2-—SipE ELEVATiON OF THE 


Figs. 2 and 3 are, respectively, side elevation and plan 
views of the chassis. Since the chassis of the Series-9 
and the Series-10 cars are identical insofar as weight 
and rolling resistance are concerned, I shall continue to 
discuss the cooling system in terms of car speed in miles 
per hour because my curves are all made on this basis. 
For the assistance of those who may wish to reduce 
these figures to a practical application, I have computed 
the diameter of an orifice of equivalent area to that of 
the total air-passages that are formed around the six 
cylinders of our engine. This equivalent orifice is com- 
puted to have a velocity coefficient of 100 per cent. The 
Series 10-A orifice has an area of 0.306 sq. ft. The 
Series 9-B orifice has an area of 0.238 sq. ft. The cylin- 
ders on the 9-B engine were built on 5'%-in. centers; 
but the cylinders on the 10-A engine are built on 5-in. 
centers. At a car speed of 20 m.p.h., the 9-B engine 
used 8 cu. ft. per sec. of cooling air as compared with 
15 cu. ft. per sec. for the 10-A engine. The back pres- 
sure on the 9-B engine was 0.3 in. of water; on the 
10-A engine it was 0.6 in. of water. Our Series 10-A 
car will cool perfectly at 5 m.p.h. with a full-open throt- 
tle at a temperature of 95 deg. fahr. in the shade for as 
long as it may be desired to drive up hill at this speed. 

I will endeavor to show later, in detail, how we ob- 
tained the increased efficiency in the cooling system. 
The volume of cooling air delivered increases directly 





August, 1923 No. 2 
126 THE JOURNAL OF THE SOCIETY OF 


PLAN VIEW OF THE CHASSIS SHOWN IN THE ELEVATION IN FIG. 2 
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with the speed of the engine. The pressure of the cool- 
ing air in the duct increases as the square of the speed, 
while the horsepower consumed by the fan increases as 
the cube of the speed. We have no desire to use and do 
not believe in the ultra high-speed engine, but I feel it 
to be evident to all that it would not be advisable to at- 
tempt to cool with the direct-connected fan, since the 
power it consumes increases as the cube of the engine 
speed. The power consumed by our cooling fan at 20 
m.p.h. is approximately 0.3 hp. At 30 m.p.h. it is 0.8 hp. 
After making careful comparisons of the power con- 
sumed by airplane propeller-blade fans just back of a 
radiator, I am led to believe that our cooling fan uses 
no more and, in most cases, decidedly less horsepower 
to drive it thar is consumed by the ordinary fan just 
back of a radiator. Our grille construction provides a 
freer passage of air than would be possible with a water- 
filled radiator. All of the air pumped by our fan acquires 
a rise in temperature of from 90 to 120 deg. fahr. while 
passing over the engine, and may reach 220 deg. fahr. 
at the exit with perfect safety. Since the water-filled 
radiator never heats the air to more than from 45 to 60 
deg. fahr., at least twice the volume would be required 
for a given cooling with a proportionate increased con- 
sumption of fan horsepower. 

The water-circulating pump with its driving gear, 
shaft, bearings and stuffing boxes, can easily absorb as 
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much power as the water-cooling fan. The increased 
power losses and the additional complications necessary 
to operate a water-cooled system have been accepted by 
a majority of engine builders, but I am convinced that 
they must recognize the increased efficiency and the 
direct simplicity that we are able to gain through the 
use of a single fan wheel mounted on the engine crank- 
shaft, as illustrated in Fig. 4. 

When operating on the dynamometer, I have observed 
that our engine uses approximately 2 cu. ft. per hp. per 
sec. of cooling air at the lower speeds around 400 to 600 
r.p.m. At the higher speeds, the engine uses from 0.9 
to 1 cu. ft. per hp. per sec. of air. 

Since, for many practical reasons, the fan must be 
located on the crankshaft, the problem at once presents 





TABLE 1—COMPARISON OF COOLING-SYSTEM WEIGHTS, 
SIX-CYLINDER CARS 
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Other Cars, Lb. 
| Our 
Name of Part Car, 
Lb. Car A | CarB 
EE a err 14.47 3.2 2.0 
Upper Air-Hood..... oh WI Ek Ss ye ME a 
et”, ee a 6 ek eee 
Front Fan-Housing.......... . | aes 
One-Half of Rear Fan-Housing.| 6.56 || ...... | ...... 
Cylinder-Block and Valves.... 92.64 || 118.0 | 99.0 
Cylinder-Head.............. eee Lee 42.0 
Radiator Core and Shell.......) ...... || 49.0 54.0 
Water-Pump................. ees en's | 7.5 10.0 
Water Hose and Pipes........| ...... | 2.5 1.0(a) 
Fan Support and Belt.........) ...... |} 2.0 0.7(a) 
I hi Sain & o:0-6:5 9 wid aR peta. I ee 2.0 
Water in System............ We ao aaah 31.4 37.6 
Fan Driving-Pulley........... | eeeees 2.0(a)} 2.0(a) 
Total Weight........... .| 150.89 || 215.6 | 250.3 
Cylinder Size 
eee ee eee ad 3% 3% 334 
PERE 2/5 /- S005 421. oe gaees 4 4% 5 
Displacement, cu. in...........| 199 242 268 
Weight in Pounds Divided by | 
Cubic - Inch Capacity of | 
Cooling System...........: | 0.754 || 0.891 0.933 














(2) Indicates approximate weights. 


itself how to obtain a sufficient pressure of air at ex- 
tremely low engine speeds to cool the engine properly. 
Since it was not desirable to increase the diameter of 
the fan on account of general bulk and road clearance, 
we finally tipped the fan blades forward. This arrange- 
ment provided an air pressure equal to 1.68 times the 
peripheral speed of the fan. In other words, we are 
able to increase the air pressure for a given peripheral 
speed to the extent of 68 per cent over that which would 
be obtained by the use of a straight blade. Fig. 5 is 
a side view of the engine assembly. Fans with different 
numbers of blades were tried of course. 

The next problem was to flow the air into the fan 
so that it would pass through in an efficient manner. 
The ordinary sharp-edge square-cornered entrance was 
found to be impossible because the air did not fill the 
full width of the blade. Our experiments showed one- 
third of the blade width to be inactive. We overcame 
this by using a scrolled-edge entrance, formed with as 
large a radius as was practicable. A very large radius 
would increase the entrance losses. A very small radius 
would increase the fan losses. 
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Fig. 4—A SINGLE FAN WHEEL MOUNTED ON THE ENGINE CRANK- 
SHAFT SUPPLIES THE COOLING AIR 


Experiments were next conducted with various scrolled 
shapes in an endeavor to have each square inch of blade 
area do an equal amount of work. The scroll housing 
and aluminum ducts were next developed by the elimina- 
tion of eddies. The distribution of the cooling air so 
that an equal volume would pass by every cooling fin 
on each cylinder was accomplished through the use of 
deflectors in conjunction with the proper shape of the 
duct. It once required 14 separate pieces to obtain this 
distribution, but we were able to reduce this number to 
three pieces of very special shape and yet obtain a uni- 
form distribution of the cooling air with a minimum 
loss of pressure. The present cooling system draws the 
air directly through the lower part of the grille at the 
front of the car, and passes it’ out through the cylinder 
fins into the automobile hood. At this point the heated 
cooling air is diluted by a large volume of free air that 
is allowed to enter the upper part of the car hood to 
dilute the hot air and reducing its temperature to a point 
slightly above that of the surrounding atmosphere, after 
which it all passes out underneath the car. 

It must be evident to all that a direct air-cooling 
system that would cool properly at 110 deg. fahr. in the 
shade must over-cool at 10 deg. fahr. below zero. With 
this extreme in mind, I developed a thermostatic control 
of the cooling air. This control was operated through 
the use of a bi-metallic strip, screwed into the cylinder- 
head, which controlled a connection between the suction- 
yoke and the operating bellows for the dampers. This 
system gave remarkably close regulation on a car to the 
extent that the cylinder-head temperature could be main- 
tained at any predetermined point within the range of 
+ 25 deg. fahr. This system also was arranged so that, 
in case the orifice became plugged-up or a pipe became 
broken, the dampers would be opened by the force of a 
spring and would remain in this position until the dif- 
ficulty could be overcome. This idea was of great as- 





Fic. 5—SIpE VIEW OF THE ENGINE ASSEMBLY 
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sistance on a cold morning in warming up the engine. 
It showed also a remarkable improvement in gasoline 
economy. In fact, it looked to be a very efficient and 
necessary device until we developed the exhaust-heated 
vaporizer, that maintained the temperature of the suc- 
tion-yoke gases at 160 deg. fahr. + 5 deg. throughout 
the entire working range of the engine. 


COMPARISON OF COOLING SYSTEM WEIGHTS 


A considerable amount of verbal comment has been 
made, but I have not observed any written comparisons 
regarding the relative weights of the cooling systems 
of air versus water. It is difficult to get a truly equitable 
basis. In this case I selected two prominent six-cylinder 
engines and have included the complete weight of their 
cylinder-block and valves against the complete weight of 
our cylinders with fins and valves, as shown in Table 1. 

Since our total weights as well as the weights per 
cubic inch of displacement are both decidedly less, I am 
convinced that the direct method of cooling shows a 
decided advantage in this respect. 


DETAILS OF CONSTRUCTION 


Next to the cooling system, I feel that the cylinder 
is the most important part of any direct air-cooled en- 
gine; it is shown in Fig. 6. The cylinder is designed 
on 5-in. centers, has a 8'4-in. bore and a 4-in. stroke. 
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Fie. 6—FrRONT ELEVATION PARTLY IN SECTION OF THE FRANKLIN 
ENGINE SHOWING THE ARRANGEMENT OF THE CYLINDER CONSTRUCTION 
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Fic. 7—PLAN VIEW OF THE ENGINE ASSEMBLY 


Each cylinder with its valve and springs weighs 15.4 lb. 
The cylinder fins are 52 in number; they are 5 in. long 
and 1% in. wide; 1/16 in. of this width is cast into the 
cylinder and 5/16 in. of it is turned over on the outer 
edge so that each fin can form its own jacket. This 
arrangement allows the iacket to assume the role of 
direct radiation. Each cylinder with its fins and ex- 
posed heat area has a radiating surface of 650 sq. in. 
While passing through the development stage, we built 
cylinders of aluminum, of bronze and of various com- 
binations of metal. The cylinder shown in Fig. 6 has 
proved itself to be preferable in every respect to all the 
others that we have tried. When using a cylinder fin 
of greater length, we observed an increase of the weight 
and an increase of the air resistance, but did not ob- 
serve a proportionate increase in the cooling ability be- 
cause it is just possible that the air reached a very high 
temperature before it had traversed:the complete length 
of the fin. We tried fins of one-half the present thick- 
ness, which would be 0.026 in., but found them to be im- 
practicable because the air passages were so small that 
mud, grasshoppers and bugs closed the opening and 
made the engine overheat exactly in the same way as it 
would do with any water-cooled radiator. 


FOUNDRY PRODUCTION PRACTICE 


As to foundry production methods, a steel cylinder 
with machined grooves along its length is first loaded 
with fins that are held in place by an ordinary soft-iron 
wire. This is placed in the mold and sand is allowed to 
fill-in between the fins. The steel cylinder is then very 
carefully extracted, exposing 1/16 in. of the edge on all 
of the fins. The suction and the exhaust ports and ducts 
are formed in cores and added as a unit. The cylinder 
is poured on-end with the head down. No heat-treatment 
is used in the process of the construction of this cylinder. 
When completed, the combustion-chamber has been ma- 
chined and the bore ground to size; there is a wall thick- 
ness of 3/16 in. under the steel fins. This thickness 
is very necessary to give assurance that no hard spots 
appear along the bore. Before delivering the cooling 
fins to the foundry we found it advisable to tin them 
all over, which then assures us of practically a 100-per 
cent union between the fins and the cylinder-walls. The 
head of our cylinder is 54 in. thick. We have tried 
heads decidedly thinner and some 2 in. thick. We met 
with absolute success on all heads thicker than % in., 
but found that the extremely thin heads did not provide 
a sufficiently uniform temperature around the exhaust- 
valve seat. 

Those who have endeavored to produce a quiet over- 
head-valve mechanism will appreciate our problem when 
I say that the expansion of our cylinder alone amounts 
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to 0.019 in. and that the exhaust-valve stem adds another 
0.007 in., making a total of 0.026 in. that must be com- 
pensated for to maintain a uniform rocker-arm clearance 
at the valve-stem. The assembly shown in Fig. 7 pro- 
yides for a normal adjustment of 0.010 in. at room tem- 
perature and a maximum variation of + 0.002 in. within 
the range of cylinder temperatures from zero to 400 
deg. fahr. 

We mount our rocker-arm housing on top of the cylin- 
der just beyond the valve-stem on one side, and we sup- 
port the opposite side on two metal tubes that are con- 
centric with the push-rod. This forms a semi-flexible 
arrangement, that can go-and-come with the expansion 
of the parts, yet it does not change the tappet clearance. 
The valve-springs on our engine “shimmy” at a number 
of different speeds. I have tried four different sizes of 
wire and two different diameters of spring, also one 
taper spring, but cannot seem to get rid of this peculiar 
action. I make a special appeal for suggestions as to 
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ELEVATION AND CROSS-SECTIONS OF THE PISTON 


how to overcome the shimmy or period points best in a 
plain valve-spring. 

Fig. 8 shows section views of the piston. We have 
developed three distinct types of piston construction suit- 
able for production. In all three an attempt has been 
made to isolate the ring-carrying portion from the skirt 
portion. Two of the types are sawed through and one 
is cast exceedingly thin at one point. The two that are 
sawed through have heavy supporting ribs under a 1%-in. 
head; the third has an exceedingly thick head-construc- 
tion. At present, I feel that the thick head-construction 
is less apt to collect carbon on the top, and shows itself 
to be almost entirely free of oil burning underneath. 
The true cylindrical non-split type seems to run with the 
least friction. The question of being able to free it 
permanently from sticking or scoring on the one hand, 
and from slaps on the other, can be solved only by trial. 
At present, and for a number of months previous, we 
have had remarkable success with a split-skirt type in 
which we use three rings. The top one is a plain con- 
centric snap-ring; the middle ring has a special three- 
piece construction; and the bottom ring is a one-piece 
concentric snap-ring machined with a sharp edge for 
wiping oil. Piston and ring theories are numerous. We 
want the rings to wear-in quickly and to maintain a per- 
fect bearing, and yet not to wear-out or break-out. Some 
types are far superior to others, but I feel that the 
technique of fabrication is of more importance than the 
design alone. 

The forged duralumin connecting-rods shown in Fig. 9 
are the result of a long series of experiments on the 
Shape and the area of the various sections. Our steel 
connecting-rod would weigh 1 lb. 15 oz. complete, but 
our duralumin forged connecting-rod now weighs only 
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Fig. 9—VirEw SHOWING THE ParRTS ENTERING INTO THE FORGED 
DURALUMIN CONNECTING-RoD AND THE RopD COMPLETELY ASSEMBLED 


1 Ib. 4 oz. complete. The piston-pin floats in the rod and 
in the piston. The hole in the rod is reamed to within 
0.0005 in. of the finished-diameter in two operations. 
The hole is then burnished to size the same as is done 
in the piston. This produces a very superior finish in 
the hole, that seems to possess remarkable wearing quali- 
ties. After the die-cast bushings are locked by grooves 
into the big end, a combined swaging and burnishing 
operation packs the babbitt and produces an intimate 
contact with the rod at all points. The cap is assembled 
with babbitt-faced shims, after which a fly cutter pro- 





Fic. 10—THREE VIEWS OF 14 Cast ALUMINUM CRANKCASE 
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duces a true cylinder for the bearing surface. These 
cylinders are in five diameters and vary by 0.00025 in., 
which makes it possible to select a rod for each crankpin 
that will have an oil clearance of 0.001 in. When com- 
pleted, the alignment of this rod, piston-pin to crank- 
pin, is held to a limit of + 0.005 in., measured between 
the ends of arbors 12 in. long. The maximum allowable 
difference in weight between any two rods in an engine 
is less than 0.2 oz. 

Nothing but a seven-bearing crankshaft has been used 
in our six-cylinder engine. Our present shaft is 2 in. 
in diameter at the crank and the main bearings. They 
are forged from 0.15 to 0.20-per cent carbon-steel. The 
throws are then twisted to position and the whole shaft, 
after being rough machined, is copper-plated except at 
the bearing points where the carburizing process is al- 
lowed to act. The shaft is then straightened and heated 
to 1420 deg. fahr., clamped into a powerful holding jig 
and quenched in water. It is then finish-ground to size. 
The case formed at the bearing points is 1/16 in. deep 
and registers 75 to 85 on the scleroscope. This case- 
hardened shaft, working against soft babbitts, will not 
need bearing attention until after 50,000 miles of run- 
ning. 

The crankcase shown in Fig. 10 is cast of aluminum, 
is unusually deep and is split 25, in. below the shaft 
center-line. The seven bearing-caps are die-cast and 
held in place by through bolts seated against pressed- 
steel plates located on the top between the cylinders. 
The seven main bearings and the four camshaft bearings 
are rigidly supported by deep-ribbed sections. The main 
bearings are fly cut and reamed to size. The bell hous- 
ing is fly cut from the finished bearings to provide an 
accurate alignment with the transmission. 

There is a separate duralumin flange between the cam 
gear-housing and the generator, on the hub of which 
the chain sprocket rides. This permits the generator to 
be removed without disturbing the chain drive; it also 
allows a quick and accurate chain adjustment. The 
chain tension can be measured through a hole especially 
provided for this purpose. 


LUBRICATION 


When operating an air-cooled engine throughout the 
Country, with all its variations of roads and tempera- 
tures, the problem of lubrication assumes a position of 
considerable importance. The lubrication system is in- 
dicated in Fig. 5. Our cylinder-head temperature often 
reaches 400 deg. fahr. Our experience in the air-cooled- 
engine business has convinced us that the lubricating oil 
for our engine should be as free as possible from carbon. 
For this reason we are continually inspecting samples 
of oils from all of our dealers as well as from the prin- 
cipal vendors. This has allowed us to specify to our 
dealers and customers ar oil that we have found to be 
absolutely uniform throughout the United States and 
to obtain the minimum of carbon residue. 

A simple oil test can be conducted as follows: Ob- 
tain two bulbs from an electric fire-place heater, they 
will be about 214 in. in diameter, 12 in. long and should 
consume 500 watts. Mount them on a slant with the 
socket-end up. Arrange the oil so that it will drip on 
to the upper end of the bulb. That portion not vaporized 
will continue around either side and drop from the bulb 
at the lower end. These drippings are caught on a clean 
blotter. Any desired quantity of oil can be run, but 
8 oz. should be sufficient. The formation of a black 
sticky compound on the blotter can be taken as an indi- 
eation of the carbon residue from that particular oil 
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that would probably lodge in the combustion-chamber 
as a carbon deposit. 

Our engine has a seven-bearing crankshaft and js 
supplied with oil by a force-feed distributor-system, 
The oil-pump is driven from the camshaft and is located 
in the base of the oil-pan. Oil is drawn upward through 
a bronze screen that has an area of approximately 50 
sq. in. From the pump distributor-plate, oil leads ex. 
tend to all of the seven main bearings and to the chain 
gear bearing on the generator support. Each connect- 
ing-rod receives oil under pressure from its adjacent 
main bearing. The oil-pan is of cast aluminum and has 
corrugations in the bottom that are a material aid in 
maintaining the oil temperature at a reasonable figure 
of 160 deg. fahr. on a hot summer day. The one out- 
standing feature of this particular oiling system is the 
fact that, if for any reason one of the connecting-rods 
or one of the main bearings should burn out, the volume 
of oil that would be forced to the remaining bearings 
would not be altered. It has happened in our experi- 
ments that this particular feature was of great value and 
allowed the car to run all day with the knowledge that 
there was no chance for injuring anything, more than 
the particular bearing that had already gone. In an 
interesting experiment with baffle-plates located between 
the cylinder and the crankcase, we found that the baffle- 
plates increased the oil consumption at high speed and 
decreased it at low speed. We observed also that those 
baffles that had the smallest openings for allowing the 
connecting-rod to pass through showed the greatest 
effect. 

For a given uniform extremely hot oil-temperature 
of approximately 205 deg., the pressure of the oil at both 
the pump and in the lead increases as the first power of 
the engine speed. At a uniform engine speed of 1800 
r.p.m., the volume of oil forced through the bearings 
does not change over our practical or wide range of oil 
temperature and, at the same uniform engine speed, the 
oil pressure decreases with an increase of the oil tem- 
perature. In other words, our pump meters out a definite 
quantity of oil and forces this quantity to the bearing, 
regardless of the pressure required or the temperature 
of the oil pumped. 

The automobile builder states how far his car will 
run on a gallon of oil; he says that if the oil-pan holds 
from 5 to 8 qt. the oil should be changed each 500 miles. 
When operating our car over 100 miles for each consecu- 
tive 3 hr., the oil consumption is 400 miles per gal.; when 
operating ordinarily, it is 800 miles per gal. 

The oil-pump is arranged so that we can supply any 
desired quantity of oil to our engine. We have operated 
our cars successfully at the rate of 1200 miles per gal. 
but we feel that this is very inadvisable and have estab- 
lished the rates just given. I do not understand how an 
owner can profit by reducing his oil consumption to the 
minimum, in some cases practically starving the engine. 
We have been working on devices for the elimination of 
crankcase dilution for the past 2 years and have devel- 
oped a unit that we believe will eliminate all crankcase 
dilution. 


EXHAUST-HEATED VAPORIZER 


While working for an improved fuel-economy, I de- 
veloped an automatic vacuum-controlled spark-advance. 
Our ignition is now controlled by a mechanical governor 
that is very carefully calibrated for all conditions of full- 
throttle work. The vacuum-actuated bellows worked 
against a calibrated spring to increase the spark advance 
in the proportion of 1 divided by the absolute compres- 
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ab . sion-pressure in the cylinder. This device improved the 

* economy from 5 to 18 per cent. Next, I developed and 
dj installed a thermostatic control for the cooling air. The ie 
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pi-metallic strip located in the cylinder-head allowed a 





fr. connection with the suction yoke to operate a sylphon Ey iL. 
ugh bellows connected in turn to dampers in the air duct. 
ee This operated very satisfactorily; I could control the 
fe: cylinder-head temperature to + 25 deg. fahr. When 
hain set for from 400 to 450 deg. fahr., the economy was in- 
1ect- creased materially. 
cent My next development was an exhaust-heated vapor- 
has izer, shown in Fig. 11, in which a return trap for all wall- 
d in flow of fuel not vaporized on the first trip through was 
rure incorporated. The vaporizer performed better than my 
out- expectation, a glass tube located above and below showed 
the clearly that all of the fuel was actualy srevertes — Fic. 12—-ELEVATION PARTLY IN SECTION AND A CROSS-SECTION OF THE 
rods a vapor. A thermocouple located at the yoke exit and , fe : ppb ce seit 
ume 
ings for any change in the fuel quality and to be able to free 
eri- the orifice from water or dirt readily when occasion de- 
and mands. 
that Special efforts have been made in the design of the 
than carbureter to facilitate starting in cold weather; to this 
. an end, for starting, the gasoline is vaporized and super- 
veen | heated electrically. This feature can be best explained 
affle- | by referring to the cut-away view in Fig. 13. 
and | A miniature valveless carbureter has been constructed 
hose | adjacent to the main instrument and draws its fuel from 
the the common chamber. All the gasoline and the priming 
‘test air pass over an electrically heated coil and are con- 
verted into a fixed gray vapor. This joins with the 

ture auxiliary air and passes up through a solenoid-controlled 
both valve into the suction yoke just above the throttle disc 
r of that is always closed during this period. 
1800 To start in cold weather, the method is to close the 
ings throttle tight, open the gasoline needle-valve one entire 
f oil 
the 
tem- 
nite 
‘ing, 
ture 

Fic. 11—AN EXHAUST-HEATED VAPORIZER IN WHICH A RETURN 
will TRAP FOR ALL WALL-FLOW OF FUEL Not VAPORIZED ON THE FIRST 

Trip THROUGH 18S ILNCORPORAT&D 

olds 
iles. suspended in the middle of the gas stream was used to 
ecu determine the yoke temperature which remained at 160 
hen deg. fahr. + 5 deg. over all conditions of throttle and load 

at all speeds except those of less than 20 m.p.h., at 
any which speed the yoke temperature was approximately 
ated 15 deg. fahr. cooler. Continued research with the vapor- 
gal. izer soon convinced me that, with it installed, I could no 
tab- longer show an appreciable saving in economy either with 
y an the vacuum spark-control or the thermostatic tempera- 
the ture-control of the cylinder-head. This has proved out 
ne. very well commercially, because we were able to install 
n of a plain casting having no moving parts that replaced 
vel- two mechanical devices. 
case Our carbureter, shown in Fig. 12, is very simple. It 

consists of a plain gasoline nozzle controlled by an ad- 

justable needle from the cowl. This nozzle is located in 

the primary choke. Extra air is supplied through a plain 
de- hinged valve for auxiliary air that has an adjustable 
nce. spring. The float mechanism is arranged so that the 
fa weight of the float, by a lever, lifts the gasoline needle 
ued from the seat. We find the practical operation of a single Fic. 13—A VIEW OF THE CARBURETER PARTIALLY CUT-AWAY TO SHOW 
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turn and press the primer button on the dash for a few 
seconds. The last operation requires 40 sec. at 20 deg. 
fahr. below zero. The primer-button actuation opens 
the primer vapor-passage into the yoke and allows a cur- 
rent of 80 amp. to flow through the heater coil. The 
latter is enclosed in a special porcelain tube; one end 
of both the tube and the coil is touching gasoline. This 
forms a gray vapor or permanent gas that soon fills the 
suction yoke and provides an ignitable mixture in a 
sufficient quantity to maintain the car running at a speed 
of 18 m.p.h. for an indefinite period. At 20 deg. fahr. 
below zero, the starting motor never need be applied 
longer than 10 sec., and it will often start the engine 
in 5 sec. The old cold-choke method, as well as the par- 
tial-combustion system of starting, requires the engine 
to be cranked for from 1% to 3 min. when starting at 
20 deg. fahr. below zero. Our engine requires only from 
5 to 10 sec. of cranking, after which the car can be run 
immediately at 18 m.p.h. 


TABLE 2—COMPARISON OF STARTING CONDITIONS AT 
20 DEG. FAHR. BELOW ZERO 








Other Cars 


Our Car 





Amp. | Sec. 





Preparation for Starting....... 
CO ee are 


| 
| Amp. | Sec. 
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80 | 40 400 | 90 
400 | 10 400 | 10 











Total, amp-sec 40,000 
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A comparison of the starting conditions is made in 
Table 2. It shows a direct saving for our starting system 
of 32,800 amp.-sec. out of 40,000; or a saving of 
32,800/40,000 = 82 per cent of battery energy. After 
the engine has fired for 1 min. at 20 deg. fahr. below 
zero, the aluminum exhaust-vaporizer has become suf- 
ficiently heated to run the engine directly from the main 
carbureter. Our machine is a dependable all-year car 
because it will start and run, even at 20 deg. fahr. below 
zero, with the expenditure of less than one-fifth of the 
battery energy usually required. The engine gets a 
rich mixture from the vaporizer and fires slowly at first. 
The throttle-valve is then opened slightly until the engine 
has picked-up somewhat. As soon as possible, the gaso- 
line needle-valve opening is decreased to the running 
position of five-eighths of one turn. During warm 
weather and in mild climates, it is not necessary to use 
the electric primer. 


Dust SEPARATOR 


Since our carbureter has been arranged to pass all 
of the air through a common opening, it was easy to pro- 
vide it with a dust separator. Its total weight is 14 oz. 
and it is illustrated in Fig. 13. This separator consists 
essentially of two units, both of which are mounted on 
the same shaft and rotate together. The lower unit 
is a windmill type of motor that receives its power from 
the air flowing to the carbureter. This causes the upper 
member or centrifugal pump to inhale into the housing 
a far greater volume of air than is used by the carbu- 
reter. Since the rotor disc with its. radial vanes travels 
at high speed, all dust particles are thrown centrifugally 
against the side walls of the housing. At the lower edge 
of this housing is an opening about 1% in. wide extending 
clear around the instrument. 

Since the centrifugal pump has inhaled 30 per cent 
more air than can be used by the engine and has forced 
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all dirt particles by centrifugal force into this excess 
air, the dirt is carried away in this excess air, out through 
the bottom of the housing, and discharged to the atmos- 
phere. As a test, I secured fine dust-particles from a 
dust separator; these particles had all been air-floated 
previous to their separation. I fed a definite quantity 
very slowly into the separator, which was operated at 
low speed with 1 in. of water suction. Careful weigh- 
ing, in two tests, convinced me that this separator actu- 
ally would clean from 96 to 97 per cent of the extremely 
fine dust particles from the airstream. This separator 
has greatly increased the life of the bearings and de- 
creased the amount of carbon deposit in the combustion- 
chamber. The rotor runs fast enough to enable it to 
separate the dust at all car speeds above 3 m.p.h. 


OPERATION 


Our engine cylinder will not give satisfactory opera- 
tion when the compression pressure exceeds 80 lb. per 
sq. in. gage, but they are working with absolute satis- 
faction at a speed of from 400 to 2500 r.p.m. and a com- 
pression pressure of 75 lb. per sq. in., measured with an 
accurate indicator. This refers to the use of low quality 
plain 18-cent gasoline. 

I recently drove a car that showed rough engine oper- 
ation and was informed that, wheneyer a compression 
pressure of 92 lb. per sq. in., or a brake mean-effective 
pressure of 97 lb. per sq. in. was used, this roughness 
could not be avoided. I have used our engine with a 
5 to 1 ratio and found it snappy, and I have also used 
a 4 to 1 ratio with equal snap and obtained a decidedly 
smoother flow of power. With our cylinder, the amount 
of horsepower does not increase with the compression 
ratio above 4144 to 1. The volumetric efficiency decreases 
rapidly with an increase of the cylinder-head tempera- 
ture resulting from a high compression-ratio. The lower 
compression-ratios can be made to give a higher vol- 
umetric efficiency, and therefore greater power from the 
same cylinder. The preignition point is the sum of the 
yoke temperature plus that of compression. 

Our air-cooled cylinder will run satisfactorily up to a 
630-deg. fahr. cylinder-head temperature, provided the 
sum of the yoke and the compression temperatures does 
not exceed that of the preignition point. The higher 
head-temperature will cool the engine at a greater horse- 
power on account of the increased temperature-difference 
between the cylinder and the cooling air. 

Our present Series-10 powerplant has a compression 
ratio of 4.22 to 1, a compression pressure of 72 lb. per 
sq. in. at 400 r.p.m. and develops 24 hp. at 1800 r.p.m. 
with a cylinder-head temperature of 390 deg. fahr. when 
the cooling air enters at 85 deg. fahr. To obtain more 
horsepower, we would reduce the compression ratio and 
accomplish this result with the same bore and stroke. 

The suction-yoke temperature on our Series-10 engine 
is now located at 160 deg. fahr. + 5 deg. fahr. at which 
point we introduce a perfectly dry gas into the yoke. 
Should the yoke temperature rise to 180 deg. fahr. when 
the atmospheric temperature is 110 deg. fahr. in the 
shade, the engine would “ping”; should it drop to 110 
deg. fahr., the smooth even flow of power would diminish 
in quantity and the economy would suffer. 

The term, “compression ratio” is used frequently, and 
I often wonder if the public comprehends how mislead- 
ing it is when discussed in connection with compressions 
or in connection with the number of miles per gallon. 
As an illustration, on wide-open throttle, I have measured 
an actual compression-pressure of only 60 Ib. per sq. in. 
with a 5 to 1 ratio and have also measured a pressure 
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of 77 lb. per sq. in. with a 4 to 1 ratio. Both readings 
are true and consistent but, in themselves, they mean 
nothing unless something is known of the valve-timing, 
the yoke temperature and the manifold depression, as 
well as something of the port passages. To my mind, 
nothing could be more absurd than to use compression 
ratio as a basis for statements about miles per gallon 
on an automobile. 

Our average touring car alone weighs 2450 lb. and an 
average five-passenger load weighs 750 lb.; therefore, 
the total running weight is 3200 lb. At a car speed of 
20 m.p.h. at full throttle, the engine develops a brake 
mean-effective pressure of 75 lb. per sq. in. when using 
a mixture-ratio of 17 to 1, at a fuel-consumption rate 
of 0.607 lb. per hp-hr. At the same car speed, with 
just enough throttle to maintain this speed on a level 
road, the engine develops a brake mean-effective pres- 
sure of 16 lb. per sq. in. which, with a mixture-ratio of 
13.65 to 1, is a fuel-consumption rate of 1.03 lb. per 
hp-hr. Under these conditions, the car traveled 34.2 
miles per gal. 

At full throttle, the pumping loss was based on a yoke 
suction of 1.05 in. of mercury. Under the condition of 
level-road operation, the pumping losses were increased 
in proportion to a yoke suction of 17.1 in. of mercury. 
The rolling friction of the engine does not change appre- 
ciably with load and, at 20 m.p.h., has a value of 8.5 lb. 
in terms of brake mean-effective pressure. The value 
of the increased pumping loss is 4% (17.1 — 1.05) = 8 lb. 
per sq. in. 

A brief analysis of the dissipated energy in the two 
cases stated at full load and at part load, is given in 
Table 3. 





TABLE 3—ANALYSIS OF ENERGY DISSIPATED 
Full Load Part Load 
Brake mean effective pressure, Ib. 


IN BIN. sks , tiie akbteim am «ahead s 75.0 16.0 
Friction, lb. per sq. in..........0- 8.5 8.5 
Pumping loss, lb. per sq. in........ — - 8.0 
MG ee OE WE, MR. oss selec oscnes 83.5 32.5 


Proportion of mean effective press- 
ure generated that was utilized, 


I MUNI i. ilo, wees. ogi enwtahion serie 90 49 
Actual rate of power generation, lb. 


ee ee WEE Ge. cick kc aed ae ers 0.546 0.505 





Our company has endeavored to eliminate this waste 
by producing a car having a powerplant that will deliver 
24 hp. at 40 m.p.h., when it knows that only 12.37 hp. 
is required to operate a two to five-passenger load on a 
level road. The car will travel 50 m.p.h. on the level. 
Were we to install a 45 to 80-hp. engine and build this 
car to endure, we would at once sacrifice its characteris- 
tics of light unsprung weight, remarkable fuel-economy, 
superior riding qualities and low maintenance cost. Our 
average stock car will accelerate with a full five-passenger 
load from 5 to 15 m.p.h. in less than 5 sec.; from 5 to 
25 m.p.h. in less than 10 sec.; and from 5 to 35 m.p.h. in 
less than 15 sec. It can be throttled down to 3 m.p.h. in 
high gear, and it will run at a speed of 50 m.p.h. on a 
level road. 


THE DISCUSSION 


C. L. LAWRANCE:—As an aircraft-engine designer, the 
part of the paper that interests me most is the part deal- 
ing with engine performance. It is stated that the 
amount of horsepower does not increase with the com- 
pression ratio above a ratio of 4% to 1, and that an 


®See THe JourNAL, April, 1922, p. 231. 


August, 1923 No. 2 
AIR-COOLED AUTOMOTIVE ENGINES 133 


actual compression-ratio of 4.22 to 1 is used, which cor- 
responds with good motor-car practice and, for many 
reasons, it probably is undesirable to use a higher com- 
pression than this. However, the fact that the amount 
of horsepower does not increase for compression ratios 
above 414 to 1 indicates that the cooling system is only 
just ample for the use for which the engine is intended; 
either the air is not sufficient in quantity or does not come 
into contact equally with all parts of the head, or perhaps 
the cooling area of the head is not sufficient. At any 
rate it is well known, especially in aircraft work, that 
it is possible to use successfully compression-ratios much 
higher than this. 

The most interesting case of this is a recent experi- 
ment made by S. D. Heron at McCook Field while testing 
a cylinder of 414-in. bore and 5%-in. stroke, having a 
cast-iron head and a combustion-chamber threaded on to 
a steel barrel. With a compression-ratio of 5.3 to 1, 
a brake mean-effective pressure of 130 lb. per sq. in. was 
consistently obtained, although the head temperature at 
certain points reached as high a value as 900 deg. fahr. 
It is fair to say that the head of this cylinder was con- 
siderably thicker than is the usual practice with cast 
iron, having been cast from a pattern that was intended 
for making aluminum cylinder-heads. 

Our experience with various compressions leads us to 
believe that, all other things being equal, high compres- 
sion with proper cooling will always give a better fuel- 
economy than a lower compression. Therefore, I believe 
that Mr. Grimes’ illustration in which he compares two 
engines, one with a 5-to-1 compression ratio that shows 
only 60 lb. per sq. in. compression at open throttle, and 
another engine having a 4-to-1 ratio with 77-lb. per sq. 
in. compression, does not represent a fair comparison 
unless both engines are identical in every other respect. 

I have just returned from Europe, and there is prac- 
tically nothing to report with regard to air-cooled motor- 
car engines as no air-cooled European motor-car of the 
price and quality of the car Mr. Grimes represents is 
being built on the other side. However, I saw a large 
quantity of small cycle-cars being produced with the BSA 
engine that S. D. Heron described in his paper on Some 
Aspects of Air-Cooled Cylinder Design and Development.’ 

In England, a considerable amount of aircraft air- 
cooled engine development is in progress. The British 
Air Service is using a number of ABC Cosmos and Arm- 
strong Siddeley air-cooled engines. The feeling there is 
that water-cooled aircraft-engines have seen their day, 
at least for most types of military aircraft. However, 
this was not true in France where, so far as I know, 
no air-cooled engines were in use. I saw an experi- 
mental one-cylinder air-cooled engine on test at the Royal 
Aircraft Establishment at Farnborough, that used the 
direct injection of the gasoline fuel. I was told that it 
showed a mean-effective pressure of 170 lb. per sq. in. 
This seems to indicate that the development of the four- 
cycle internal-combustion engine has by no means reached 
its limit. 

C. P. GRIMES:—I have long known of your remarka- 
ble pioneer work in air-cooled engine construction. I 
know that you have been able to 


(1) Build a lighter eng ne per horsepower 


(2) Develop a greater horsepower per cubic inch of 
displacement 


(3) Use less fuel per brake-horsepower hour 
when using a compression ratio of 5 to 1 as against 


4 to 1 with an aluminum air cooled cylinder. 
We are not assured that our cars will be supplied with 
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air plane high-test gasoline or benzol mixture. It actu- 
ally requires 5.0 fan hp. to produce a cooling-air blast 
down past our fins of 90 m.p.h., which is the minimum 
velocity encountered by your engine mounted in the slip 
stream of your propeller. 

Our engine must maintain its desirable characteristics 
of power, flexibility and economy over a period of from 
10,000 to 15,000 miles of operation before overhauling 
any part of it. Ninety per cent of our entire mileage is 
covered at speeds of between 20 and 30 m.p.h. Our five- 
passenger car loaded requires 3.2 hp. at 20 and 7.2 hp. 
at 30 m.p.h. to roll it. 

Suppose I did raise the compression to 5 to 1 and 
added a parasite resistance of from 31% to 4 additional 
fan h.p. all for the sake of being able to operate this car 
for less than 10 per cent of its entire mileage with a 
compression ratio of 5 to 1 and a cooling air velocity 
of 90 m.p.h. not just when I pleased but only when I 
saw fit to spend 40 cents per gal. for airplane fuel and 
could afford to pay for a complete overhaul every few 
thousand miles. 

If our Franklin car could fly or if it were to run on 
the top of Pikes Peak I would most assuredly make it 
with a 5 to 1-ratio with the full knowledge that the actual 
working compression pressures would then be practically 
the same as we now get with a 4.2 to 1 ratio at sea level. 

Mr. Lawrance’s statement “that high compression with 
proper cooling will always give better fuel economy than 
a low compression” does not agree with the facts in my 
automobile experience. 

Ninety per cent of our car mileage is run on 20 per 
cent of the maximum engine power and requires an aver- 
age of 5 b. hp. A cooling blast of 90 m.p.h. will require 
an average of 4 b. hp. additional just for the fan alone. 
Are we willing to increase the brake load 80 per cent 
for 90 per cent of the car life in the hope that a rise in 
the compression ratio from 4.22 to 1 to 5 to 1 will show 
sufficient economy in the use of 40-cent airplane gaso- 
line to pay for this kind of an engine. 

HERBERT CHASE:—What compression ratio is used and 
what actual compression pressure is realized at the speeds 
of maximum torque and of maximum power? 

Mr. GRIMES :—We use a 4.22 to 1 ratio. The maximum 
torque comes at 900 r.p.m. and a compression pressure of 
70 lb. per sq. in. and the maximum power at 1800 r.p.m. 
and 65 lb. per sq. in. 

H. SHEAFF:—Has Mr. Grimes any figure on the bear- 
ing pressure of duralumin, that he has obtained by tests? 

Mr. GRIMES:—No. It must have good lubrication and 
bear on a polished surface having a scleroscope hardness 
of 70. 

J. G. PERRIN:—I have been deeply interested in the 
air-cooled-engine problem for some time. Two years 
ago I went to England to see what they had discovered 
during the war. Prof. A. H. Gibson read a paper on 
“Air-Cooling of Aircraft Engines,” over there. He said 
they had discovered it wise to make the thickness of the 
cylinders greater than was ordinarily believed necessary. 
They found that the greater thickness conducted the 
heat better than the thinner section. It might be of help 
to know this in certain cases. 

Has any work been done in adapting the Knight sleeve- 
type engines to air-cooled work? The Knight engine is 
used as a farm lighting engine now. Has there been any 
development or have any experiments been carried on 
regarding the possibilities of using a valve action such as 
sleeve-valves rather than poppet-valves in air-cooled en- 
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gines? We all know that poppet-valves are very noisy 
in air-cooled engines due to the large clearances. With 
this forced air-cooling system as used by the Franklin 
Company can a Knight sleeve-type engine be cooled? 

I believe that we are just on the verge of great develop- 
ments in air-cooled automobile engines. So far, Mr. 
Grimes’ company has tackled the problem in the most 
consistent way; it has built an air-cooled engine and then 
built an automobile around it. So many people have done 
the opposite. I believe that is a very fundamental point. 

What has been the experience regarding the life of 
the cylinders in connection with the use of aluminum pis- 
tons? So many of us have had the experience that alumi- 
num pistons lap the cylinders. With an air-cleaner, it 
seems to me that trouble will be solved. Has any differ- 
ence been noticed in the life of the cylinders and the 
pistons, in connection with the use of an air-cleaning 
device? 

MR. GRIMES :—We have observed that the thicker metal 
gave a better distribution of heat and in that way might 
aid its dissipation. However, in general we use the thin- 
nest possible metal thickness because we find that the 
heat travels through faster. 

Considerable work has been done by others with a 
Knight sleeve-type engine. Whereas, I do not believe 
that a double sleeve-valve engine can be developed with 
the same high efficiency as a poppet-valve engine, I do 
know that the Knight sleeve-valve engine can be adapted 
to air cooling if an aluminum cylinder-head is used. 
As a result of various tests with iron and aluminum 
cylinder-heads, I was given to understand that the en- 
gine would not be a success were it not for the use of 
the aluminum head that has capacity for taking away 
a large quantity of heat. 

The Franklin cars have carried dust separators for the 
past 6 years. I feel that the separator on the Series 10 
is far more efficient than any that we have used before. 
Piston life is very greatly affected by the care used in 
maintaining proper lubrication for the engine. We ex- 
pect all of our pistons to last 15,000 miles and find a 
large percentage of them running 30,000 miles before it 
is advisable to remove them. 

The difference in cleaner efficiency has not been suf- 
ficient to warrant my giving a definite statement of in- 
creased life. 

H. M. CRANE:—It was brought out very clearly in this 
paper that an automobile today does not depend upon a 
particular method of cooling. Whether consciously or 
unconsciously, Mr. Grimes took fully half of his time in 
bringing out the excellent constructional features of the 
ear, all of which, collectively and individually, have no 
bearing whatever on the method of cooling the cylinders. 
He is absolutely right. The public is interested in be- 
ing moved from place to place, and it will not inquire 
too closely into how it is done, as long as it is done suc- 
cessfully, at a moderate cost and without too much trou- 
ble on its part. 

I would like to repeat what I said at Dayton when 
S. D. Heron’s excellent paper on some Aspects of Air- 
Cooled Cylinder Design and Development® was read. 
His paper, as well as this paper, are a challenge to the 
designer of water-cooled automobile-engines or water- 
cooled aircraft-engines. The water-cooled-engine de- 
signer has not been forced, until recently, to go into the 
facts surrounding his method of cooling. He has built a 
cylinder of a convenient mechanical shape, placed his 
valves where he wanted to place them and operated his 
piston in the way that he wished to operate it; then he 
has put a jacket on, poured some water in and said that 





anna pap 


Se eh Cl 









w << 





Vol. XIII 





it was properly cooled. The water might disagree with 
him. Frequently, the water does not go where the de- 
signer intends it to go. Few designers, until recently, 
have made any great effort to find out just what the 
water does in the jackets. 

We had an analogous case on the Liberty engine, when 
we investigated it, with reference to the lubricating sys- 
tem. Some people concerned in the construction of the 
engine thought it was a good point that the engine did 
not require any oil radiator; in other words, that the 
lubricating oil that passed through the crankshaft did 
not get hot. The failures in those days were due to the 
fact that the crankshaft oil did not get hot; in other 
words it was not doing its part in cooling the crankshaft 
bearings. That was overcome by installing an oil pres- 
sure-lubricating system with a more active circulation. 
The same condition may be found in the cooling water 
of water-cooled cylinders. When corrected a larger radia- 
tor may be required, but the engine will run very much 
better. 

Of the two types of engine, we may finally come to 
a division in point of size. The large air-cooled cylin- 
ders, while they have proved successful on test-blocks, 
have not given great success in practice so far. In air- 
craft engines, part of this is due to the head-resistance 
and to the great difficulty of controlling the valve-gear 
with reasonable weight and reasonable head-resistance. 
The expansion difficulty has been described and the in- 
genious method that Mr. Grimes’ company uses for sur- 
mounting it. 

Another feature of the air-cooled engine is that, in 
certain ways, it is far less accessible than the water- 
cooled engine. In its successful operation, it is prac- 
tically limited to the valve-in-head type, with the valves 
integral and without detachable heads; in other words, 
any work to be done on a valve requires the lifting of 
acylinder. The lifting of cylinders, in the hands of the 
casual owner, is a job not to be encouraged. The most 
difficult engine problem we have is to maintain the piston 
and ring seal in good condition; but the average owner, 
in lifting and replacing cylinders, is apt to make more 
trouble at this point than he will cure in the valves. 

I have recently built an engine having an overhead 
camshaft, with an integral head carrying over the six 
cylinders but with the head detachable and the valves 
all in the head. We had it on the road only about 2 
months before things occurred that made us want to look 
into the cylinders. We were not obliged to do this. The 
engine would operate and we could get over the ground 
with it, but there were certain things that we wanted 
to see. It took considerable determination to take the 
head off. I think that it ought not to be necessary to 
make access to the valves and the combustion chamber 
a difficult and tedious job or one requiring the disturb- 
ing of parts having no bearing on the work in question. 

The tightness of an engine has much to do with its 
successful operation and even more with its economical 
operation. To encourage the operation of engines with 
leaky valves or leaky pipe connections, which I think 
might easily be the result of the slip-joints mentioned 
in the inlet-pipe design is not to the best interest of 
the automobile-using public. That is especially true in 
the larger engines. In the smaller ones, I think that 
we may find the field for air-cooling is widening all the 
time. It undoubtedly is widening and, if not, that will 
not be for the lack of the highest grade of research work, 
some results of which have been given in Mr. Grimes’ 
paper. 

Mr. GRIMES:—I appreciate the remarks of Mr. Crane 
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and will say that we feel our engine is far more accessible 
than the ordinary engine because we can remove any 
cylinder that we wish after the removal of nine nuts, 
each one of which is extremely accessible. I regret that 
Mr. Crane has not had an opportunity of becoming more 
familiar with our latest model engine, which is very 
accessible. 

N. A. HOLLISTER :—The object of using the curved inlet 
to the fan wheel is not only to increase the capacity but it 
is also to increase the efficiency. Where only a small 
space is allowed the whole blade must be used effectively 
or the fan will not handle enough air. On the larger jobs 
such as those for big power companies where the power 
is a factor we increase the efficiency greatly by stream- 
lining the inlet, such as has been done in connection with 
airplanes. 

There was another way of increasing the efficiency of 
the Franklin car fan. We used to make a fan called a 
cone fan that was designed for discharging into space 
without a housing around it. We do not, however, get 
the efficiency with a cone fan or Sirocco fan discharging 
into space without a housing, that we do with a housed 
wheel such as used on the new Franklin model. The air 
will not be delivered as efficiently from an open wheel as 
it will if the wheel has a housing with the right scroll 
and the wheel is in the housing in the right position. 
These two points, the proper inlet and the proper housing 
design, are very important in fan design. I strongly sug- 
gest that the designer of an air cooled engine confer with 
the fan man, and as one speaker has mentioned design the 
engine with its cooling system and then build the car 
around it. 

The importance of air cooling can be gaged by the many 
inquiries we have received, and we are working now on 
air-cooling problems for many companies. This air-cool- 
ing of engines, not only for automobiles but for other 
industrial usage, has aroused interest and I predict that 
it will not be many years before many trucks will be air 
cooled. 

As to price, one company has a fan that is driven by a 
belt, which means another bearing and another piece of 


shafting. We can give them a wheel for less than the- 


belts cost them, of course eliminating the extra bearing 
and, at the same time, handle more air with much less 
power than they use now. The elimination of freezing 
and other advantages appear on the face of it, and the 
fan men believe that the air cooling of engines is coming 
along rapidly. 

Mr. GRIMES :—The curved inlet on our fan enabled me 
to use a much shorter length of blade and thereby in- 
creased my overall efficiency. 

R. B. WHITTINGHAM :—Was there any intention or ex- 
pectation of deriving any flywheel effect in changing the 
position of the Sirocco fan from the rear to the front of 
the engine? Was that taken into consideration? 

MR. GRIMES :—The flywheel effect is there, but the fan 
is most important. I am not willing to concede that the 
flywheel at the front end of the shaft is desirable in it- 
self. We have it and our engine runs without producing 
a vibration period, but I credit that more to a 2-in. bear- 
ing on the crankshaft than I do to the flywheel on the 
shaft. I know of some shafts that had a number of vibra- 
tion periods and they did place a flywheel at the front 
end of the shaft. It eliminated all the periods at lower 
speeds, but it had to be abandoned at the higher speeds. 
The fan on the front of our shaft is not there for the 
purpose of producing a flywheel effect, even though it is 
a flywheel. 

C. T. MYers:—What is the reason for using a°0.01-in. 
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tappet-clearance? Is it not possible to run with less 
tappen clearance, considering the compensating features 
that have now been adopted? 

I note the hope of one speaker that truck engines will 
be air-cooled. I think there is a big field for the air-cooled 
truck-engine, but a campaign of education among the 
truck drivers is needed before they will be able to operate 
it successfully and satisfactorily. 

I have found one trouble with the Model 9-B car; it 
will not pull very well at low speeds. This is undoubtedly 
due to the fact that the fan capacity is not sufficient at 
low speeds; there is not enough air passing over the 
cylinders. The car certainly drives very well on second 
speed on grades for a considerable length of time. 

With reference to the dynamic balance of the crank- 
shaft I believe Mr. Grimes stated that the flywheel is 
put into static balance; that the crankshaft is first put 
into static balance and then into dynamic balance with 
the flywheel attached; and that the fan was simply put 
into static balance. What about the clutch? 

Mr. GRIMES:—We use 0.010-in. tappet clearance for 
two reasons. First, our camshaft is designed to use this 
clearance quietly. We find that a little leeway is apt to 
allow the operator to run longer before adjusting it. 
Whereas, I am not personally familiar with the car Mr. 
Myers has been driving, we do know that in some cases 
the sheet-metal work under the hood has become bent and 
displaced for various reasons in such a way as to allow the 
circulating air to leak around the cylinder rather than to 
pass down through the fins and cool them. At the time 
of final dynamic balancing of the crankshaft, the flywheel 
and the clutch assembly are all checked when assembled 
into a single unit. 

PrRoF. EDWARD D. THURSTON:—I understood Mr. 
Grimes to say that the quantity of air used is about 1 cu. 
ft. per sec. per hp. Is that independent of the engine 
speed? For example, the engine may be developing a 
maximum horsepower at rather a low speed, at which 
time the fan is delivering a rather small amount of air. 
Later, the engine may be delivering less horsepower, but 
at a very much higher speed; so, the amount of air per 
second per horsepower must be a function of the speed. 

Mr. GRIMES:—The volume of cooling air passed over 
our engine varies directly as the speed and is dependent 
upon the speed alone. . 

J. W. Lorp:—Can you give us a comparison of the tem- 
perature of the newer engine with the older engine? 

Mr. GRIMES :—I have observed under similar dynamom- 
eter tests that our new engine reaches a _ tempera- 
ture of about 380 deg. fahr. as against a possible 
temperature of 450 deg. fahr. for the Series-9 engine. 
These temperatures you must understand were taken at 
the hottest part of the combustion-chamber. Whereas, 
our former Series-9 engine would show heat on the road 
under trying conditions, you will find it almost impos- 
sible to observe any heat effect whatsoever on the Series- 
10. 

SYDNEY G. TILDEN:—From an operating standpoint, 
most of us have experienced trouble with detonation. In 
a water-cooled car, it seems to me that the temperature- 
ranges of the cylinder and the cylinder-head between 
summer and winter can at least be controlled with 
radiator covers or some other such devices. With air- 
cooled cars the air that strikes the cylinder-head will be 
practically at the temperature of the outside air which 
will vary according to climatic conditions, say from 20 
deg. below zero fahr. to perhaps 120 deg. fahr. in the 
shade. This would indicate to a casual observer that if 
the cylinder-head is properly cooled at ordinary tempera- 
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tures it will be either over-cooled in extremely cold 
weather or under-cooled in extremely hot weather, which 
latter condition is likely to cause trouble from detona- 
tion or preignition. 

It does not appear that the cylinder-head has much pro- 
vision for cooling and that most of the cooling is carried 
along the side walls of the cylinder. How does Mr. 
Grimes control the temperature of the cylinder-head? 

Mr. GRIMES:—I have definitely determined by exhaus- 
tive tests that the temperature of the cylinder-head has 
nothing to do with the miles per gallon providing, of 
course, that the suction yoke-gases are delivered in a 
thoroughly heated and completely vaporized state as 1s 
now the case with our present construction. 

I would call your attention to the fact that since the 
car takes but 3.2 hp. at 20 m.p.h. in the summer on a level 
road that it would not be difficult at all to consume far 
more horsepower than this in churning over the very 
heavy oils and grease that are sometimes left in the rear 
axle and transmission during very cold weather. Thick 
oil in the crankcase will not give proper lubrication to the 
cylinder walls. Our present cylinder design gives very 
satisfactory cooling indeed, even though the majority of 
the heat must be carried over to the fins and radiated 
from them. 

The cylinder-head temperature is controlled by the 
gasoline mixture strength, by the compression pressure 
and by the volume of air passing to the cylinder-head. 
Our present design seems to have cared for detonation 
very nicely by eliminating it. 

HAROLD L. PoPE:—In aircraft work, it is necessary to 
get a very high mean effective pressure if it is expected to 
keep the weight per horsepower down to the minimum. 
I cannot see how the method used in the car under discus- 
sion would apply in aircraft work. 

Mr. GRIMES :—I will refer Mr. Pope to my reply to Mr. 
Lawrance and feel sure he will appreciate what I have 
said. 

A number of questions have been asked regarding the 
cooling ability of our car, the amount of airflow and the 
like. I will simply say that our Series-10 car, with the 
five-passenger load and luggage, was driven from New 
York City to Oregon, then to Southern California, 
through Death Valley, through the Great American Des- 
ert and up Pikes Peak. It went far north into very cold 
country and it crossed the desert very successfully We 
have made tests repeatedly in which we have run the 
Series-10 car at 50 m.p.h., with wide-open throttle, up a 
long hill. Few hills are much over 1 to 2 miles long. We 
have a hill directly east of Syracuse that many cars can- 
not negotiate on high gear, yet we can take two people in 
our Series-10 phzeton, that weighs 2450 Ib. itself, and 
negotiate that hill on high gear at 50 m.p.h. 

I am not thoroughly satisfied that cooling has nothing 
to do with preignition. With many water-cooled engines, 
preignition will occur if the compression-ratio is too high. 
The practical designer will design his water-cooled engine 
and will allow a little variation in the piston height, so 
that he can determine how the carbureter, the ports and 
the valve-timing work out; then he adjusts their relations 
so that the engine will work properly. That is all we do. 

We have operated our engines from a 3.98-to-1 com- 
pression-ratio with our Series-9 car up to a 5 to 1 ratio 
with our experimental cars. They work well, but the 
5-to-1 ratio is altogether too touchy and makes a snappy 
engine; as soon as a little is deposited, it produces de- 
tonation and, as soon as bad fuel is used, the engine is up 
against it; so, we use a compression of 4.2 to 1, which 
gives us accurate results with a low grade of fuel. 
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Our maximum torque does not occur at the maximum 
power. Our compression pressure for the maximum 
torque runs about 72 to 73 lb. per sq. in. We try to hold 
the compression uniform throughout the speed range. 
We find, by having a uniform compression-pressure 
throughout the speed range, that a given air-cooled 
cylinder will cool this uniformly and give us good results. 
Our maximum brake mean-effective pressure runs about 
77 lb. per sq. in. Our pheton weighs 2450 lb. Its speed 
is 50 m.p.h. At 40 m.p.h. our car requires 12.47 hp. and 
it has 24 hp. It operates successfully with a wide-open 
throttle at 25 m.p.h. We believe we have covered the 
range that we have been asked to cover. Our plan is to 
try to have the power and the automobile correlated one 
to the other, so that we get riding power, fuel economy 
and riding quality all together, and a car that will run as 
fast as any ordinary person would expect to ride. An 
analysis of car operation is given in Table 3 of the paper. 

Regarding the cooling effect from zero to 120 deg. 
fahr., in an effort to make a more economical automobile 
during the development stage, I tried the vacuum-con- 
trolled spark-advance, mentioned in the paper. It is well 
known that when running at part throttle, there is a 
high suction in the yoke and a low compression-pressure. 
People talk about high compression-ratio and economy. 
What good does it do, if you throttle the engine down and 
do not use it? 

Concerning the volume, the cubic feet of cooling air per 
horsepower that flows over our engine and its relation to 
the speed, the volume varies almost directly as the engine 
speed. We cannot afford to change this one way or the 
other. It just happens to work out that our engine cools 
nicely at 450 r.p.m., at 50 m.p.h., and it takes about 550 
cu. ft. per hr. of cooling air; whereas, for higher speeds, 
on account of the variation in the torque and the like, it 
works out to be 0.9 to 1.0 cu. ft. per sec. per hp. At the 
higher speeds, we could use still less cooling air; but, at 
the lower speeds, we need the cooling air. 

In answer to the question on brake mean-effective 
pressure as compared to the compression pressure, a 
brake mean-effective pressure of about 77 lb. per sq. in. 
gives a compression pressure of about 70 to 71 lb. per sq. 
in. ; 

I have been told that almost all the cooling in the 
Knight engine had to take place through the head; and 
that the oil-films and the sleeves were not good mediums 
to pass heat through. 

We have used cylinder-heads 2 in. thick with perfect 
satisfaction. We went down to 3/8-in. thickness of 
cylinder-head but, when the head is too thin, the two 
valves in the cylinder-heads do not have a uniform dis- 
tribution around the valve-seats and this is apt to give 
trouble. Therefore, we went back to a 5/8-in. thickness 
for cylinder-heads, and we have no trouble. 

With an aluminum piston, we found that the cylinder 
life before regrinding ran between 25,000 and 30,000 
miles before we applied the dust separator. Using the 
dust separator, that figure of 30,000 miles should be in- 
creased to 50,000 miles. 

ARTHUR H. HOLMES:—From the way Mr. Grimes’ 
paper is written, it is reasonable to assume that it is his 
intention to encourage water-cooled engineers in the 
study and the investigation of air-cooling. Having this 
in mind, I suggest that Mr. Grimes differentiate clearly 
between those features of the car he describes that are 
essential to air-cooling and those that are used in its con- 
struction because the company thinks that they are proper 
and should be used whether the car had an air-cooled or a 
water-cooled engine. 
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As an illustration, the majority of the following items 
are not in ordinary use on water-cooled cars. A seven- 
bearing crankshaft; case-hardening of the crankshaft; 
a distributor oil-pump; the use of a special grade of oil; 
a double carbureter; a dust separator for air to the 
carbureter ; an electric primer for starting; a temperature 
control on the intake-manifold; special pistons; and 
duralumin connecting-rods. 

It seems to me that, if it is Mr. Grimes’ desire to en- 
courage interest in air-cooling, it would be wise to state 
defMiitely that the above special features of the car he 
represents are not used because they are necessary in 
connection with the air-cooling of an engine, but are 
simply features that his company believe are desirable 
with an air-cooled or water-cooled car. Certainly, in my 
experience, especially in some of the late developments 
that we have made we have proved it possible to build 
an air-cooled engine that is absolutely identical with a 
water-cooled engine in everything but the cooling sys- 
tem. For 2 years we have produced cars that will use 
satisfactorily any oil that a water-cooled engine will use, 
and use it with the same satisfaction that is secured with 
a water-cooled engine. In other words, the better the 
grade of oil is, the longer the life of the engine will be, 
but the question of a high flash-point or a low-carbon oil 
is no more important to an air-cooled than to a water- 
cooled engine. We have used a standard carbureter and 
a standard manifold with a hot-spot, and have obtained 
results comparable with those obtained in water-cooled 
cars. 

We have been able to run an air-cooled engine at full 
load on the block without any external cooling system, 
ever since we used the aeroduct method of air-cooling, and 
we have used it for a little over 2 years, but I believe we 
are not able to do this at as high a speed as Mr. Grimes 
mentions. We have never actually tried it at more than 
1500 r.p.m. of the engine but, up to that speed, it is per- 
fectly practicable to operate at full power for any or- 
dinary period. We have run up to 4 or 5-hr. tests and, 
at no time during these tests, did we even cool the oil 
by any external means. I judge that the amount of air 
passing by our cylinders is practically the same as the 
amount Mr. Grimes states as passing by the cylinders of 
the car he describes, but I am of the opinion that the 
power consumed is a little more than he mentions. 

I think the big important point in connection with air- 
cooling that engineers must overcome before the use of 
air-cooled engines is extended to any great extent is the 
cost of construction. My judgment is that every air- 
cooled engine that has ever been produced so far has cost 
considerably more than the water-cooled engine. I am 
frank to say that there is no basic reason for this that I 
can see, aside from casting the cylinders individually, and 
I am not sure that this is absolutely necessary. 

The impression could be created by Mr. Grimes’ paper 
that the cost of the air-cooled engine in question is very 
high on account of the different special features that I 
have mentioned. Perhaps it would be well to state that, 
in a four-cylinder engine we have developed and got ready 
for production but have not yet started to build, the cost 
will be but little more than that of a water-cooled engine 
produced in the same volume. There undoubtedly will 
be a 10-per cent difference. There is absolutely nothing 
about this four-cylinder engine that is different from a 
water-cooled engine of the same size and construction, 
except the air-cooling and its effect on the cylinders. I 
think this is a very important point to have the water- 
cooled engineers understand. This four-cylinder engine 
is the best performing air-cooled engine I have ever used. 
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Its ability and its economy are especially good and, prob- 
ably because of the simplicity of the structure, its re- 
liability is equal to that of the best automobile practice 
of the day. Air-cooling should mean simplicity. I believe 
Mr. Grimes is just as anxious as I am that the water- 
cooled engineers should not get the impression that air- 
cooling demands a large number of special constructions 
that would interfere with simplicity. 

Mr. GRIMES:—I am pleased to agree with Mr. Holmes 
regarding the suggestion that the great number of almost 
essential refinements found in the Franklin products are 
not found in the water-cooled cars. At the same time I 
wish to call your attention to the fact that the exhibits 
at the Automobile Show this year would indieate the ad- 
visability of a seven-bearing crankshaft, the use of a dust 
separator and an electric primer for starting. I am in- 
clined to predict that more of those features that are now 
found only in our product will be adopted by the other 
companies which in itself will be ample proof that these 
features are not essential to the success of air-cooling. 

It has been the policy of the Franklin organization to 
cooperate with the owners especially in the question of 
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oils to assure them the greatest satisfaction from the use 
of their car for every dollar expended for lubrication. 

A number of my friends who are still using water- 
cooled cars have assured me that they have been well paid 
for their casual investigation of the Franklin products 
since it taught them the value of a good oil to their ear. 
I wish to assure Mr. Holmes that the horsepower men- 
tioned for moving our cooling air is correct to the best of 
our knowledge and belief. I might say to him that where- 
as he might not have felt justified in running his engine 
more than 1500 r.p.m. at open-throttle on the block, that 
I have just completed a very interesting little run on one 
of our engines that to the casual observer would be iden- 
tical in every respect to our production and that I oper- 
ated this engine with full throttle at 2500 r.p.m. for 1/2 
hr. The room temperature was 90 deg. fahr., the cylin- 
der-head temperature 254 deg. fahr. and the power de- 
veloped at the end of the run was 33 hp. We maintained 
a stream of water on the under part of the oil-pan during 
this run which prevented the oil temperature from ex- 
ceeding 150 deg. fahr. Otherwise the engine was cooled 
naturally by itself with the production fan. 


COORDINATION OF MOTOR-TRUCK AND 
RAILROAD TRANSPORTATION 


(Concluded from p. 124) 


fact that this method seriously delays the traffic, and on 
the belief that the service is more expensive than dray 
or truck service. The remedy for this practice lies with 
the Interstate Commerce Commission, who should be 
petitioned to require the railroads either to discontinue 
performing a service of this character or to charge for 
it a rate commensurate with its cost. 

A reason urged for retaining the trap-car service by 
those enjoying it is that it enables them to get better 
terms from draymen; that without it they would be at 
the mercy of the draymen. This implies that those who 
are without track location are mulcted by the draymen. 
This can hardly be the case. 


HIGHWAY-TRANSPORTATION BRAINS 


I have tried to point out what seems to me to be the 
proper field for the motor truck and, in a general way, to 
indicate the necessity for further development along 
highway-transportation lines. It has been said that one 
of the reasons for the lack of development of highway 
transportation is the lack of properly organized high- 
way-transportation companies, which should be in a 
position to operate over the highways along the same gen- 
eral lines as other forms of transportation. It has been 
said also that the lack of these organized companies is 
due in part to the lack of finances and to their not having 
the confidence of the public in the particular class of work 
they are trying to perform. This is true only in part. I 
believe that the lack of highway transportation is due 
principally to the lack of organized highway-transporta- 
tion brains. 

Motor-truck builders should undertake to cooperate 
closely with motor-truck operators. The motor-truck 
builders’ responsibilities should not end when sales of 
their equipment are made. I believe that in the engineer- 
ing forces now employed by motor-truck builders there 
are many men who should use their engineering experi- 
ence along the lines of highway transportation. 


I am of the opinion that it would be to the advantage 
of the railroads of the Country to include in their organi- 
zations men who have had experience in building and 
properly using motor trucks. The railroads, to their ad- 
vantage, should arrange for a more liberal mixing of 
commercial and railroad brains. I believe that one of the 
causes that has had much to do with the present dis- 
satisfaction on the part of the public is the fact that the 
carriers are trying to solve commercial problems with 
railroad brains. It is difficult for the average railroad 
man, who is trained along railroad lines, to view the 
problems of transportation along the same broad lines 
as does the man who has had a commercial training. A 
great many of our misunderstandings would disappear 
if the carriers would use more liberally the services of 
the commercially trained man. We shall not be able to 
secure the best results from our railroads until the com- 
mercial and the railroad brains of the Country get to- 
gether. 

Motor-truck builders might also to their advantage in- 
clude in their organizations terminal engineers, who, 
with the experience gained while in the service of the 
rail carriers, should be able to teach the motor-truck 
builders some of the proper uses of the vehicle. 

The public also will require further education along 
highway lines. Only when the railroad and the highway 
are properly coordinated will each find its proper place 
in the economic transportation problems of the Country. 
The proper understanding of the “field” of the various 
transportation agencies is vital, but in determining this 
field each form of transportation should bear its proper 
responsibilities and charges. No one class of common 
carrier should be subsidized by the Federal Government 
or the States to the disadvantage of the other compet- 
ing agencies. Only by a mutual understanding of their 
proper relations can the good of the public as a whole 
be advanced. The encouraging of active and forced com- 
petition would in the end be destructive. 
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HE two-fold purpose of the tests described was to 

acquire as many data as possible regarding the 
peculiar requirements of motorbuses, as viewed from 
the standpoint of power requirements and fuel economy, 
and to analyze the discrepancy found so often between 
the performance of an engine on the test block and the 
fuel economy obtained from the same engine under 
actual service conditions. 

Following a general statement of conditions to be 
met, and an examination of the problems of the manu- 
facturer as to why his choice of the various units and 
accessories is such a vital factor in fuel economy, the 
improvements accomplished are enumerated, together 
with the reasons and inclusive of the desirable and 
undesirable features of carbureter specification and 
miscellaneous factors. 

The test equipment and methods are specified and 
discussed, the results obtained when using a steam 
cooling-system are presented and the general results 
are stated and commented upon. 


ARLY in the spring of 1922, a series of tests was 
FE, inaugurated at Waukesha, Wis., with a two-fold 

purpose in view. One was to acquire as many 
data as possible on the peculiar requirements of motor- 
buses, as viewed from the standpoint of power re- 
quirements and fuel economy; the other was to analyze 
the discrepancy that is found so often between the per- 
formance of an engine on the test block and the fuel 
economy obtained from the same engine under actual 
service conditions. Ideal conditions found in a labora- 
tory do not prevail on the road but, with due allowance 
made for this, there is a wide gap between the ton- 
mileage of the conventional truck and what we felt could 
be obtained by a thorough analysis of the problem. 

It has been stated that the potential energy in 1 gal. 
of gasoline is approximately 100,000,000 ft-lb. If we 
could use this energy with no thermal or mechanical 
losses, it would be sufficient to raise a 2000-lb. car verti- 
cally a distance of nearly 10 miles. Due to our crude 
methods of converting this energy into power, we are 
barely able to propel the same car twice this distance on 
the ground. If it were possible to eliminate the thermal 
losses from the engine, in spite of which we have reached 
our present figure of upward of 100 ton-miles, we would 
approach 400 ton-miles per gal. Obviously, it is not pos- 
sible to eliminate such losses, but it is possible to locate 
the causes of many of them and, by reducing them to a 
minimum, to secure greater efficiency in the numerous 
units that exert such a pronounced influence upon fuel 
economy. As an example of this preventable waste, the 
fact was cited recently that if Ford cars gave as corre- 
spondingly good mileage as the Franklin, Dorris, Essex 
or several other well-known cars, the saving in fuel 
would be sufficient to purchase the Muscle Shoals plant 
every 18 days. The Ford case cited is perhaps extreme, 





1M.S.A.E.—Chief engineer, Waukesha Motor Co., Waukesha, Wis. 


Illustrated with CHARTS AND DIAGRAMS 


but the factors that are responsible for this performance 
also affect the entire industry to a great degree. 

To get a better understanding of this phase of the 
subject, let us examine the problems of the car or truck 
builder and why his choice of the various units and ac- 
cessories is such a vital factor in fuel economy. After 
having determined the weight of his proposed job he 
decides upon an engine and, too often, he is influenced 
to choose too large an engine to meet the public demand 
for exceptional performance on direct gear; and this 
means relatively poor economy at the lower speeds at 
which the car will be operated 90 per cent of the time. 
As a rule, the foreign cars have much smaller engines 
and greater gear ratios than American cars, so that they 
can have the engine operating more often at a speed and 
a load that will give the best economy. 
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Fig. 1—COMPARATIVE CURVES OF THE FUEL CONSUMPTION OF AN 
ENGINE BUILT a Few YEARS AGO AND A RECENT Mororsus ENGINB 
OF APPROXIMATELY THE SAME DISPLACEMENT 
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For several years, we have been studying carefully 
the faetors that would let us get not only better efficiency 
at full load but, what is still more desirable, better econ- 
omy at the light engine loads under which the engine 
often is operated most of the time. The results of this 
work are indicated in Fig. 1, which shows a fuel-economy 
curve from one of our earlier engines and one from one 
of our bus engines of about the same displacement. We 
have effected this improvement by 


(1) Improved vaporization 


(2) Use of higher water-jacket temperatures, without 
danger of hot-spots; cutting down losses to cyl- 
inder jackets 

(3) Higher compressions, made possible by better dis- 
tribution, improved cylinder-heads and the use 
of special aluminum pistons 


The increase in thermal efficiency made possible by the 
use of the improved cylinder-heads and special pistons is 
dealt with in H. L. Horning’s paper* on the Effect of 
Compression on Detonation and Detonation Control, 
printed elsewhere in this issue of THE JOURNAL. 

After the decision in regard to the engine comes that 
of the transmission and the rear axle. They must be 
chosen to insure that the engine works as near full load 
and at as an efficient speed as possible at all times for, 
the nearer it works to full load, the greater the output 
of power per pound of fuel will be. Too often, a rear 
axle is chosen to permit the truck to meet some extreme 
conditions, as in pulling out of excavations or climbing 
the severe grades along the water fronts of seaport and 
river cities. The result is that, when operated on a 
level on direct gear, the engine is running under part 
throttle. The better solution would be either an over- 
gear in the transmission or additional speeds available 
that will allow the driver to keep the engine well loaded 
at all times. For similar reasons, if a truck is placed in 
intercity hauling-service, with loads in both directions, 
a certain rear-axle ratio would be suitable; but, if used 
in road work, with heavy loads in one direction and run- 
ning empty on the return trip, the truck should have 
some type of over-gear to insure a high load-factor on 
the engine on the return trip. As an example of the 
better economy that can be secured by careful attention 
to these points, we found that changing the transmission 
at one stage of our tests to give a ratio of 0.787 to 1 in 
place of 1 to 1 gave an increase of 4.4 ton-miles, and re- 
placing the original worm-drive axle with a double-re- 
duction type gave a further increase of 5.8 ton-miles. 


CARBURETER SPECIFICATIONS 


While the choice of a carbureter is apt to have a vital 
effect on the fuel economy, there is another phase of the 
matter that is of still more importance; that is, the in- 
telligent working out of the carbureter specifications to 
meet the specific demands of each installation. A car- 
bureter setting that gives excellent results on an engine 
of a given displacement on a certain make of car is apt 
to give discouraging results on almost a duplicate in- 
stallation, due apparently to minor differences in the two 
jobs that are not considered ordinarily as related to the 
carbureter itself. 

Carbureters are almost invariably set too rich, be- 
cause of 


(1) Distribution 
(2) Idling 
(3) Low water-jacket temperatures 





2See page 144. 
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(4) Starting and warming-up period in cold weather 
(5) Low compressions in the cylinders due to part-load 
running 
The mixture-ratios that the carbureter delivers at 
different throttle positions have a vital effect on economy, 
We have types of carbureter that 
(1) Start with a rich mixture and, as speed increases, 
give a leaner mixture at all higher speeds 
(2) Give a rich starting mixture, decrease the mixture- 
ratio and increase it again slightly at very high 
speeds 
(3) Give a rich starting mixture and do not reduce the 
mixture-ratio sufficiently at any higher speeds, 
but continue to furnish an over-rich mixture 
throughout the range of the carbureter 


MISCELLANEOUS FACTORS 


The size of venturi tubes, fuel jets and bleeders must 
be determined under actual road conditions to give the 
best results; and the carbureter construction must be 
such that there will be a minimum variation from the 
original settings throughout the life of the car. That is, 
the working parts of the carbureter must be proportioned 
liberally to provide the proper assurance against wear, 
with the resultant fuel leakage and air leaks. Air leaks 
around the throttle shaft mean that the mixture must be 
enriched to compensate for the air that leaks in, espe- 
cially under nearly closed throttle. The exceptionally 
long throttle-shaft bearings on Fifth Avenue Coach Co. 
buses are an example of the precautions needed to guard 
against fuel wastage at this point. 

As supporting our promise that the identical car- 
bureter settings that give good performance on the test 
block will, with the proper coordination of all other units, 
give equally good results on the road, we might mention 
that the carbureter used in these tests, after about 5000 
miles of operation, was placed on a similar engine on 
the test block. With no change in the settings or ad- 
justments, it gave a fuel economy of 0.51 Ib. per hp-hr. 
with the engine operating a 20-in. fan as under service 
conditions. 

A radiator and a fan that will cool an engine at full 
load in hot weather will just as certainly keep the water 
temperature too cool in cold weather, unless exceptional 
precautions are taken to correct this condition. With 
too cool water-jackets, we have high friction losses at 
the pistons and the rings, poor vaporization, dilution and 
low thermal efficiency. The relation of the fan to the 
radiator is important because, if it is not located prop- 
erly, the corners of the radiator will be practically dead 
as the fan may consume considerable power in churning 
the air in the shroud. 

Vacuum tanks sometimes draw the fuel over on the 
suction line, or deliver the fuel too rapidly to the car- 
bureter. 

Hot-air stoves, air-cleaners and the like are sometimes 
too restricted and do not allow an engine to attain its 
full volumetric efficiency. 

Too often a cheap spark-plug is chosen, one that is 
damaged easily and gives a weak spark; or, one that, 
due to its construction, produces a spark knock and causes 
the operator to run with the spark too late for the best 
economy. 

It does not seem at first thought that the way in which 
an engine is suspended in a chassis would affect the fuel 
economy; but, if it is not mounted properly, the weaving 
of the frame may distort a crankcase in this manner 
enough to cause the main bearings to be thrown out of 
line and actually stall the engine. 
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A magneto may contribute its share toward poor 
economy by furnishing a weak spark or by faulty action 
of the breaker mechanism at high speeds cause more or 
less missing. 

Large bodies produce excessive wind resistance and, 
as the wind resistance is controlled mainly by the frontal 
area, it is important to be able to transport the maxi- 
mum tonnage with a minimum frontal area. 

This by no means limits the list of items that affect 
the fuel economy, although it comprises the major items 
that are passed upon, or often passed over, by the manu- 
facturer. The above points are not cited in a spirit of 
criticism, but merely to illustrate the opportunities that 
are present for securing better performance and effi- 
ciency by a careful analysis of the relation of the various 
units that comprise the completed product. It is also 
well to mention that these same problems face the manu- 
facturer who makes all of his major units in his own 
shop, as well as the smaller truck or car assembler; in 
fact, instances of neglect to recognize and correct the 
foregoing points are fully as common in the product of 
an organization of this type as in that of the assembler. 
When the truck passes into the hands of the owner, other 
factors appear such as the kind of fuel and oil used, at- 
tention paid to engine and carbureter adjustments, 
chassis lubrication and the like. 

In addition to general conditions that confront the 
truck builder there are many other problems that, while 
related more or less to some of the above items, can be 
improved materially by recognizing these facts when 
designing the engine. To afford a better understanding 
of some of these problems, a brief description of the 
equipment used in this test is included. 


TEST EQUIPMENT AND METHODS 


The truck used had a 2%-ton Sterling chassis, 
equipped with a large enclosed body having a frontal 
area of about 40 sq. ft. This type of body was used to 
let us approximate the bus type of body, as we were in- 
terested in getting as close to the conditions of bus ser- 
vice as possible. The tires were of solid rubber 36 x 4 
in. front and 38 x 7 in. rear. The initial runs were made 
with a worm-drive axle that was used up to the last week 
or two of the tests. The radiator was of fin tubular type 
with seven rows of tubes; the area of the radiator was 
560 sq. in. and the depth of core 354 in. The fan was a 
Waukesha Motor Co. 20-in. four-blade, having a 2-in. 
projected width of blade, and running at about one and 
one-half times the engine speed. 

Two routes were used for the test work. One of 24.4 
miles was used for runs that would represent intercity 
traffic and another of 3.7 miles through the city of 
Waukesha to represent city running. The city run was 
made at different times with 12, 24 and 36 stops per 
trip. The last figure represents, approximately, 10 
stops per mile. The load also was varied, from the 8300- 
lb. weight of the truck alone to a total weight of 16,000 
lb. This was for the purpose of determining the effect 
of the various loads on the fuel economy. Most of the 
testing was done at a speed of 12 m.p.h. in the city and 
15 m.p.h. in the country. This was varied at times but 
only to establish certain relations between speed and 
economy. A total of 296 observed runs was made, cov- 
ering a period of a little more than 7 months. 

At the same time these tests were being run we had 
another one of our engineers engaged in similar work 
in the congested districts of New York City, getting 
data for the Waukesha tests and, in turn, testing a num- 
ber of the features brought out by our test runs. In the 
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congested districts of New York City where this work 
was done, the average speed was sometimes as low as 5 
m.p.h. with as high as 22 stops per mile. This would im- 
pose a very light load on the engine, which means that 
it would be operating down in the range of light loads 
and low speeds and, therefore, of poor economy. 

The engine used at the start, at Waukesha, was our 
type CU 4% x 534-in. unit, having a displacement of 346 
cu. in. The improved thermal and mechanical efficiency 
of this engine, as a result of the better distribution and 
vaporization, together with the better performance ob- 
tained by proper coordination of the other units on the 
truck, made it possible to cut the size of the cylinder 
blocks from 4% in. to 4 in. 

One of the first problems that we undertook was to 
see what could be done to improve the carburetion. Sev- 
eral types of carbureter were tried. A carbureter that 
raised our initial mileage of 4.7 miles per gal. or 19.6 
ton-miles to 5.5 miles per gal. or 22.8 ton-miles was 
finally selected for the test program. The representa- 
tives of the company making the original carbureter fur- 
nished with the truck were present at later stages of the 
test and, after going into the problem carefully, brought 
their performance in line with the mileage obtained on 
the carbureter that had been substituted for it to let 
us get somewhat more flexible carbureter settings. 

We had observed, early in the tests, considerable con- 
densation taking place in the manifold at the junction of 
the riser and the horizontal portion of the intake-mani- 
fold. O. H. Ensign, of the Ensign Carbureter Co., de- 
voted considerable time in the past toward correcting the 
condensation that takes place at the tee and at the bends 
in manifolds of the conventional type, such as is shown 
at the top in Fig. 2. As a result of similar tests, we had 
for 3 years been using manifolds with sharp corners, 








Fig. 2—THE CONVENTIONAL TYPE OF MANIFOLD (ABOVE) AND (BE- 
LOW) A MANIFOLD WITH SHARP CORNERS THAT Has BEEN USED BY 
THE WAUKBSHA Moror Co. FOR THE ‘PAST 3 YEARS 
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Section A-A 
Fic. 3—A TYPE OF MANIFOLD THAT WHILE DISTRIBUTING THE HEAT 
So As To ELIMINATE FUEL CONDENSATION OFTEN HEATS THE AIR 
UNDULY 


such as shown at the bottom in Fig. 2. A small mani- 
fold with sharp bends may lessen the volumetric effi- 
ciency at high speeds, but the better carburetion and the 
improved performance at moderate speeds more than 
offset the slight loss in volumetric efficiency. 

The tests described by W. S. James, of the Bureau of 
Standards, also showed the presence of large quantities 
of fuel at the tee in a Chalmers engine, when operated 
even under heavy loads, as indicative of similar con- 
ditions present in a great many other engines in popular 
use. He also showed in a glass manifold the tendency of 
the fuel to lie at this point, despite the application of 
heat to vaporize it. The tee was heated with two large 
blow-torches to a temperature of about 500 deg. fahr., 
and the fuel still lay at this point, riding on a layer of 
gas at times and rolling about the manifold much as 
water does on a very hot surface. 

The customary procedure to overcome these conditions 
is some sort of hot-spot, an extreme type being shown in 
Fig. 3. Attention is directed to the distribution of heat 
at the tee and how it is carried under the inner corners 
of the tee where the condensation is greatest. Too many 
hot-spots direct the heat to an area above the riser and 
deliver practically no heat at the point where the con- 
densed fuel is inclined to gather. The type of manifold 
illustrated in Fig. 3, although it corrects the conditions 
materially, does so at the cost of the volumetric efficiency 
as it often heats the air in the intake-manifold to 145 
deg. fahr. The loss in brake horsepower entailed by the 
use of this manifold instead of a plain manifold at full 
load is about 12 to 15 per cent. The small surface avail- 
able for vaporization and the very small fraction of time 
available for heating while the gas rushes past the hot- 
spot, also prevent the hot-spot from vaporizing the charge 
as thoroughly as we would desire. 

To improve the conditions in the manifold without re- 
sorting to a hot-spot a small venturi was placed at the 
tee, which improved the distribution and lessened the 
condensation materially. Additional deflectors placed at 
the ends of the manifold increased our ton-mileage 8.8 
ton-miles per gal. These venturis and deflectors were re- 
moved and check runs taken, and then they were re- 
placed, so that we could be satisfied thoroughly as to 
the reasons for any increase in mileage. 

A special type of cylinder-head and aluminum pistons 
were installed. We found that, with the higher compres- 
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sion that we were eventually able to carry with these 
heads, our mileage was increased 17.5 ton-miles per gal, 
With the higher compression we. had a considerable 
surplus of power, being able to operate the truck at 45 
m.p.h. and accelerate it from a standing start to 15 
m.p.h. in 9 sec. This meant that, over a great portion 
of the course, the engine was under. part throttle and 
operating at relatively poor thermal efficiency; so, to 
raise the load-factor on the engine, the bore was de- 
creased from 43, to 4 in. We still had ample power and 
gained 3.6 ton-miles, due to operating the 4-in.-bore en- 
gine at a higher load-factor than the 4%¢-in.-bore engine, 

We had been running for several weeks without a fan, 
to hold our water temperature as high as possible. As 
a result of the better mechanical efficiency at the higher 
temperature and the slight saving of the horsepower 
consumed by the fan, we gained 4.5 ton-miles per gal, 
The temperature along the test route at this time ran 
from 80 to 90 deg. fahr. Although we could do this 
nicely in hot weather, we knew that it would be difficult 
to do so in cold weather; therefore, we began to search 
for a system of temperature regulation that would main- 
tain the maximum permissible jacket temperatures 
under widely varying weather conditions and especially 
at idling speeds and light loads. 


STEAM COOLING-SYSTEM 


A steam cooling-system was installed to permit better 
control of the water-jacket temperature and to aid in 
giving still better vaporization within the cylinders in 
cold weather. As we had been able to hold the water 
temperatures at from 205 to 210 deg. fahr. we did not 
anticipate better economy, especially as we had been 
running for a month without a fan; and the use of 
steam cooling meant using a fan with a little additional 
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Fic. 4—A DIAGRAM OF THE RUSHMORE STEAM-COOLING SYSTEM 
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power to run it. There was no appreciable change in 
the fuel economy at that time with a 60 to 70-deg. fahr. 
air temperature but, with the advent of cold weather, we 
have been able to appreciate the advantage of this sys- 
tem. With a temperature of 2 deg. fahr. below zero, it 
is possible to hold a jacket temperature of 190 deg. fahr. 
with the same radiator as was used in summer, idling 
4hr. on 1 gal. of gasoline. The truck has been operated 
on the road at zero temperature with excellent results, 
with the identical carbureter settings used in July and 
August. 

With a conventional water-cooling system, about 100 
B.t.u. per hp. is delivered to the cooling water per minute 
on an L-head type of engine; or, in our case, about 3500 
B.t.u. per min. With a 20-deg. fahr. temperature-drop, 
this would mean the pump would have to circulate about 
24 gal. per min. Our pumps on this model are made to 
handle a little in excess of this to take care of constric- 
tions in the radiator such as are found often after sev- 
eral months of service, and also meet the high tempera- 
tures encountered in tropical countries. In the early 
days, with tank cooling, this problem was badly mis- 
understood; some tractor builders seemed to think that 
if a large enough tank was used it would cool the engine, 
losing sight of the fact that, with no facilities for radiat- 
ing the heat carried into the tank, the water in it would 
eventually boil if the engine were kept under load long 
enough. The early pioneers in the tractor industry were 
not the only ones to lose sight of the fact; in one of the 
largest engineering enterprises completed within the 
present generation, insufficient means were taken to 
radiate the immense amount of energy introduced hourly 
into the system, with the same results as were encoun- 
tered early in the automotive industry. 

A diagram of the Rushmore steam-cooling system is 
reproduced in Fig. 4. The top water-outlet on the engine, 
instead of being connected to the top of the radiator, is 
carried down and enters the lower tank a few inches 
from the point where water enters the line leading to 
the pump. A header pipe lies in the bottom of the lower 
tank and many small holes are drilled in this pipe to dis- 
tribute the steam better throughout the width of the 
radiator. A gear pump is used in place of an ordinary 
centrifugal pump, as the water level in the engine when 
running must be maintained high enough to cause the 
water to flow over the top water-pipe. The gear pump 
is also more positive in action than a centrifugal pump 
and forces the steam upward and out of the cylinder 
blocks as fast as it forms. With a centrifugal pump, the 
formation of steam around the exhaust-valves or the 
spark-plugs, when once it is allowed to start, causes such 
a commotion that the normal flow of water is interfered 
with seriously, and it may even force the water downward 
and back through the pump. The gear pump serves as 
a traffic officer in this instance, with but one command 
to the stream of water and steam: “Keep moving and 
leave by the top exit.” The actual amount of water 
moved by the gear pump on a steam-cooled job is far less 
than with water cooling, often but 20 per cent as much. 
The reason for this is that the temperature drop, even 





with the inlet water at 190 deg. fahr., is far greater than 
in a water-cooled engine, as the outlet temperature may 
reach 230 deg. fahr. There is also a greater temperature 
rise in the air passing through the radiator, due to the 
higher temperature of the contents of the radiator than 
in a water-cooled job. 

The upper portion of the radiator is not filled with 
water, but serves as a condenser. If a shop steam-line 
is connected to the bottom of an ordinary radiator and a 
powerful electric fan is placed back of it, no steam will 
pass out of the top. If the fan is set oscillating, the 
steam will rush out in a 2-in. stream the instant the air 
blast leaves the radiator and stop the moment the fan 
starts the airstream again. With outlet-water tempera- 
tures of 225 deg. fahr., no knocking or evidence of hot- 
spots was found, but the engine ran decidedly smoother 
than with water-cooling and outlet temperatures of say 
190 deg. fahr. The cylinder walls were hotter and of a 
more uniform temperature with the steam cooling-sys- 
tem, and the large area presented to the incoming charge 
as the piston was about to rise on the compression stroke 
was many times greater than the surface one could se- 
cure in a hot-spot on the intake manifold. The time ele- 
ment was also much longer when vaporization was se- 
cured in the cylinder itself. 

A block test conducted several years ago with a type 
of rotating valve showed an appreciable increase of power 
and it was decided to install a set on the experimental 
truck and check the results of the block test. The ro- 
tating valves on the city running gave us an increase of 
about 2 ton-miles per gal., but on the country run the 
increase was 11 ton-miles per gal. The varying results 
that a given change would show on the city and the 
country runs was one of the interesting phases of the 
various changes made throughout the tests. The removal 
of the valve rotators on a check run showed no change 
for 3 days, then the mileage started dropping back 
toward its previous figures, but promptly came back 
again to the same figures when the rotators were placed 
in service again. 


GENERAL RESULTS 


Some runs were taken at the conclusion of the tests 
to determine the relative effect of operating with still 
heavier loads. Increasing the total weight to 8 tons 
gave 89.6 ton-miles per gal. on the city runs and 115.3 
ton-miles per gal. on the intercity runs. To determine 
just what portion of our results were due to equipment 
and what portion should be credited to the driver’s skill 
in the manipulation of the truck, we had runs made by 
three different men, none of whom were truck drivers or 
had ever driven this truck before. The average of these 
three men was 110 ton-miles per gal., showing that a rela- 
tively small percentage of the results was due to any 
especial care on the part of the driver. In fact, at all 
times we endeavored to operate the truck as it would be 
operated in the hands of an average driver, as we de- 
sired to establish figures that could be duplicated by any 
drivers of average ability with this equipment. [The dis- 
cussion of this paper will be found on p. 148.] 
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Effect of Compression on Detonation 
and Detonation Control 


By H. L. Horntnc! 





Mip-West Section Paper 





Na pe the detonation tendency of the fuel is the 
limiting factor in the development of power and 
the efficiency with which the fuel can be burned, the 
author considers this phase of the subject with the 
idea of laying down the principles on which better 
economy can be attained through higher compression. 
The subject is discussed in regard to the causes of 
detonation and the methods of controlling them be- 
cause detonation limits the compression at which an 
engine can run. 

The phenomenon of detonation is analyzed, the au- 
thor’s opinion being that increasing the temperature 
causes an increasing frequency of radiant-energy im- 
pulses and that, finally, it reaches a point where the 
frequency corresponds with the critical rate of the 
electrons that bind the elements together; thus, it 
breaks them asunder and then the velocity attains the 
highest rate possible in a gas of that density and tem- 
perature. 

The causes of detonation are enumerated and the 
methods of control are explained, consideration being 
given also to hot-spots, cooling difficulties and turbu- 
lence as controlling factors. A statement is made of 
the actual compression pressures attained without de- 
tonation in road tests, and charts showing the horse- 
power developed and the fuel consumption are pre- 
sented. 


T present, gasoline is a drug on the market; how- 
ever, the trend is toward scarcity. The huge stock 
dividends of the oil companies are an economic 

statement of the struggle to meet the demand on na- 
tional resources; nothing, therefore, is so important 
as economy in consumption. A high duty is imposed 
on the automotive industry to set its house in order by 
producing the most effective apparatus for the conversion 
of the fuel energy into useful work, consistent with the 
psychology of the user and commercial considerations. 

The general chassis conditions affecting economy, 
which are almost always neglected, have been stated; but 
I wish to emphasize them because we often find that the 
most economical engines, when applied to a vehicle, give 
a lower miles-per-gallon performance than a poor engine, 
because the units are not coordinated. Since the detona- 
tion tendency of the fuel is the limiting factor in the 
efficiency with which it can be burned and the power de- 
velopment, I have taken this phase of the subject with the 
idea of laying down the principles on which better econ- 
omy can be attained through higher compression. De- 
tonation limits the compression at which an engine can 
run and, therefore, we will discuss it in regard to its 
causes and the methods of controlling them. 

For some 8 years American engineers have made an 
intense study of detonation, or what is commonly called 
\“pink,” “ping” and “knock.” A dull thud, which is pre- 
ignition, is due to a hot-spot in the combustion-chamber 
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and is related only to the detonation because a detona- 
tion, if persistent, will end in preignition. But a detona- 
tion is a phenomenon related to that velocity of reaction 
which produces a sharp metallic sound from the cylinder- 
walls and, chemically speaking, is a reaction of such a 
high velocity that only part of the fuel enters into it; 
usually, the carbon fails to burn in the part of the mix- 
ture so affected. Physically speaking, when this knock 
occurs, the carbon particles glow and emit radiant 
energy. This is lost as useful energy and, further, it 
increases the temperature of the hottest spots in the 
cylinder, through the medium of carbon deposits. Thus, 
a vicious circle is established in which sections of the 
combustion-chamber become hotter under detonation. 
The cause and the effect unite to bring on the maximum 
effects, which are more violent detonation, preignition, 
further deposit of carbon and higher temperature, with 
the cycle repeating itself to the point where a heat bal- 
ance is established temporarily, the gradual tendency 
being toward a hotter engine, until it is impossible to 
run the engine. 

Many attempts to explain this phenomenon have been 
made considering the subject from the viewpoints of the 
chemist, the old school of physicists and the new school. 
My view is that increasing the temperature causes an 
increasing frequency of the radiant-energy impulses and 
that, finally, it reaches a point where the frequency cor- 
responds with the critical rate of the electrons binding 
the elements together; thus, it breaks them asunder and 
then and there velocity attains the highest rate possible 
in a gas of that density and temperature. 


DETONATION CAUSES 


We have held the opinion set forth by Thomas Midg- 
ley, Jr. for some time; namely, that three factors con- 
trol the weight of mixture consumed by the flame in a 
given time, in a uniform cross-section. These three 
factors are 


(1) The reaction coefficient, which is characteristic of a 
fuel and is related entirely to the force diagram 
in which the electrons of the fuel are arranged 

(2) Some power of the density of the fuel in the mix- 
ture 

(3) Some power of the absolute temperature 


Stated in every-day language, if a 53-deg. Baumé gaso- 
line is tried, it probably will knock easily beéause it is 
composed of paraffines, which seem to be the least stable 
of all our common fuels; and, because it is so heavy, it 
will have large molecules that are also considered less 
stable than the lighter, simpler ones. The reaction co- 
efficient, K, will then be very high. If a fuel of the Navy 
specification is used there will be less tendency to knock, 
but still it will be bad enough. With fuels of very high 
Baumé readings, the fuel will have less tendency to 
knock, due to its simpler structure. If olefines and naph- 
thenes and aromatics are tried, the last being toluol, 
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xylol, benzol and their derivatives, they will be found to 
be more and more stable and will not knock. The only 
difference in these fuels is the decreasing tendency to 
knock, so far as we are concerned with the running of 
the engine; all other conditions are practically the same, 
which is due to the reaction coefficient of the fuel as a 
chemical. Alcohol is among the most stable of all fuels 
and benzol has been run, by W. S. James and S. W. Spar- 
row, in a Liberty single-cylinder engine at a compression- 
ratio of 14 to 1 at the Bureau of Standards without de- 
tonation, as against our common ratio of 4 to 1. 

Under the effects of density, all are familiar with the 
fact that when the mixture is lean, the compression low 
and the throttle closed, the engine will not knock. If we 
open the throttle wide, the engine may not knock until 
a certain speed, usually about 600 r.p.m., is attained. The 
engine will knock the richer the mixture becomes, until 
it becomes over-rich; then, the surplus fuel acts like 
any diluent or anti-knock compound and subdues the 
knock, very much at the cost of fuel economy. So far as 
the density is concerned, the more fuel there is in the air, 
at or below the perfect mixture-ratio, and the more 
weight of mixture there is in a cubic inch, the greater 
the tendency to knock will be. Usually, this is merely 
manifested to the user by knocking when the throttle is 
open, at the speeds of maximum volumetric efficiency and 
high load. At a higher speed, where the restriction 
through the valves hinders the fuel charge from entering, 
the weight per cubic inch of charge is less. So far as the 
engine design is concerned, the ratio of the volume when 
the piston is down to the volume when the charge is com- 
pressed is the fixed condition which primarily establishes 
the density under all conditions. Several factors de- 
termine the density of the charge, which, when it attains 
a certain critical value with a given reaction coefficient 
and temperature, will cause detonation. 

Because there are a great many factors aside from heat 
that establish the density, and since the compression- 
ratio is the most important factor in economy, we must, 
therefore, suppress all other factors as far as possible so 
that the compression-ratio may be as large as possible. 
The following conditions affect the factor of density and 
must be held as low as possible: 


(1) Mixture-Ratio—The lowest ratio possible is con- 
trolled in a single-cylinder engine by the mix- 
ture-ratio at the spark-plug that will ignite 
promptly. In a multiple-cylinder engine, it is 
controlled by a ratio such that the mixture in 
the cylinder that gets the least mixture will 
ignite. This means, with bad distribution, that 
it is impossible to get low economies 

(2) Valve Opening.—This must be as small as possible, 
so as to give a high velocity through the orifice 
to aid vaporization. This is true also of intake- 
manifold area; it is also true of the carbureter 
venturi-size which, together with the valve tim- 
ing and the intake-gas temperature, determine 
the volumetric efficiency of the engine and hence 
its actual gage compression. With all these 
factors suppressed and the mixture-ratio as low 
as is practicable, the highest possible compres- 
sion-ratio can be used 


Speed of course affects the volumetric efficiency or the 
weight of the charge entering and, to have a high torque 
over a considerable range, it is necessary to have such a 
high charge-weight at full throttle and at slower speeds 
that the density is higher than the temperature condi- 
tions warrant to avoid detonation. Thus, to avoid detona- 
tion over a short range of slow speeds, the compression- 
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ratio usually is reduced unduly. With the mixture-ratio 
at a minimum, with the temperature condition a mini- 
mum and with all other density factors held down, the 
compression-ratio can be maximum. This is the con- 
dition of the maximum indicated economy with a given 
fuel. 

Friction horsepower and the pumping losses vary with 
the speed, and these are the final conditions that de- 
termine the economies at various loads and speeds. Aside 
from these conditions, a leaky valve and piston-ring com- 
bination shows a decided loss in the actual compression 
in the average engine. We have found it possible to in- 
crease the actual gage-compression 6 lb. by a better com- 
bination of piston and ring, and a further improvement 
of 3 to 4 lb. on the gage was obtained by securing a better 
seating of the valves. From these improvements alone, 
economy is certain. 

It is commonly known that the engine will knock when 
the combustion-chamber is hot or when the air or the 
mixture is heated unduly before it enters the cylinder. 
We thus have considered all the factors that control de- 
tonation in view of our every-day experiences. Scien- 
tifically stated, they are: first, the reaction coeficient, 
which is a function of the structure of the fuel; second, 
the density, which is the weight per unit volume at the 
time the spark jumps; and third, the absolute tempera- 
ture of the fuel at the moment of ignition, which deter- 
mines its maximum temperature at all points in the 
cylinder and, for our purpose, the temperature of the 
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Fic. 2—SPECIALLY SHAPED COMBUSTION-CHAMBER HEAD IN WHICH 
THE SPARK-PLUG LOCATION Was CHOSEN To GIVE UNIFORM DiIs- 
TANCES TO THE Most REMOTE SECTIONS 


hotter sections of gas. It is the product of all these that 
determines the critical state under which we have de- 
tonation. 


DETONATION CONTROL 


We made the broad assumption that, to be of value in 
a wide field of usefulness and distribution, an engine 
would have to use a fuel of about Red-Crown gasoline 
characteristics, this fuel representing about the limit of 
what we would expect to burn effectively, considering the 
matter from a detonation and vaporization standpoint 
and that of our present knowledge. We assumed further 
that the greater part of the gasoline production was 
turned out by the large producers and was fairly uniform 
in composition; hence, that the reaction coefficient was 
practically a constant and could be eliminated from our 
consideration. All other fuels with better stability 
would give better results. 

Since the expansion-ratio determines one of the fac- 
tors in the density, and therefore the efficiency of any 
engine, it is important that we examine very thoroughly 
the controllable causes of detonation that limit compres- 
sion. Midgley’s accomplishment is in controlling the re- 
action coefficient known as K in the equations used in 
physical chemistry; reducing it increases the compres- 
sion, the temperature, or both. Our particular effort has 
been to discover what elements of design will subdue de- 
tonation effectively and thus allow an increase in com- 
pression, since this is the fundamental necessity for high 
economies. This brings us up to the relationship of 
those two factors. 

As is well known, the efficiency of a heat engine in- 
creases with the expansion-ratio, sometimes called the 
compression-ratio or R/1, according to the upper curve 
in Fig. 1. This is known as the air-cycle efficiency. It 
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is not possible to attain this efficiency in practice, be- 
cause the actual working fluid varies from the ideal air 
assumed in the equation. Various deviations from ‘the 
true cycle, losses due to changing specific heat of the 
working fluid, dissociation of the products of combustion 
and losses by radiated heat 'to the walls of the com- 
bustion-chamber, cause a further loss. Experience has 
taught us that these losses bring the actual efficiencies 
down to those of the lower curve in Fig. 1. Therefore, 
our problem becomes the simple one of designing a prac- 
tical engine in which the cumulative effect of the heat of 
compression, the temperature of the incoming charge, 
the temperature of the products of combustion left in the 
cylinder and the temperature of the hottest areas in the 
cylinder allow a compression such that the engine oper- 
ates just short of detonation under the most adverse 
practical conditions. Simply stated, if we can suppress 
the charge temperatures a little, we can increase the 
compression considerably. 

Considering the above categories, we are entirely help- 
less to influence the heat of compression, as this is a 
physical characteristic inseparable from the condition. 
We are able to control the temperature of the incoming 
charge within certain limitations imposed by the design 
of the manifold, the volatility of the fuel and the tem- 
perature of the atmosphere. This is covered by J. B. 
Fisher, in his paper®’ One Hundred Ton-Miles per Gallon, 
and is a very important matter. Most attempts at im- 
proving the vaporization of our fuels that are low in 
volatility have been confined largely to heating the fuel 
either by first heating the air or by hot-spots located in 
the intake passages so as to be in the path of the liquid 
fuel gathered on the walls. Whatever has been the 
method, it has been difficult if not impossible to keep 
the sensible temperatures down and, invariably, whenever 
sufficient to affect the vaporization in the manifold ap- 
preciably, the incoming charge is so high in temperature 
as to force the use of unfavorably low compressions. 
The loss in thermal efficiency in these cases invariably is 
greater, when the compression is adapted to the high 
mixture-temperature, than the gain in the carburetion 
efficiency. At the high speeds and with the high throttle- 
openings, engines suffer a loss of power due to the low 
volumetric-efficiency imposed by the high intake-tem- 
peratures that are associated with hot-spot designs. 

The intake gas-temperatures have a great influence on 
the maximum temperature attained in the explosion, and 
this is one of the determining factors in establishing 
the compression-ratio that is possible without detonation. 
The product of some power of the density of the charge 
and the same power of the absolute temperature must 
be within some maximum limiting amount. 

Experiments, which are discussed in Mr. Fisher’s 
paper, have proved that, as between a hot-spot system 
with a cool combustion-chamber and with a cold intake 
mixture and a uniformly hot combustion-chamber, the 
latter is preferable, from both the vaporization stand- 
point and from the standpoint of efficiency, as it allows a 
valuable increase in the compression. 

This brings us to the temperature of the products of 
combustion left in the cylinder. This is affected largely 
by the initial temperatures, the completeness of com- 
bustion at the time of closing the exhaust and the tem- 
peratures of the hot-spots. 

Henry M. Crane, E. A. Johnston and others frequently 
have stated their belief that the most effective place to 
vaporize is in the cylinder. This has been very apparent 
in all tests where a wide variation of intake temperatures 
did not improve the carburetion efficiency. 


nee 












































Tommie tia. $4 



















SS 


r’s 
em 
ake 
the 
nd- 
sa 


of 
rely 
ym- 


itly 
» to 
ent 


ires 





Vol. XIII 










































































150 
2 £ 
8 100 £ 
4 q 
a4 10.7 s 
e 
5 
50 0.6 
£ 
= os Oe 
0.5 = 
Ww 
0 04,3 
$ 6 500 7000 1500 2000. +2500" = 

Engine Speed, r.p.m 


0656 © 6b @ SB BB 
Truck Speed,m.p.h. 


Fic. 3—CHART SHOWING THE POWER DEVELOPED, THE POWER RE- 
QUIRED TO DRIVE THE TRUCK AND THE FUEL ECONOMY OBTAINED 


HoT-SPOTS AS CONTROL FACTORS 


The hot-spots in the combustion-chamber are the most 
important conditions under the control of the engineer 
and offer an immense field for study and use. It has 
been pointed out many times before that the inherently 
high-temperature spots in a cylinder are as follows: 


(1) First, the spark-plug electrodes, because of the 
adiabatic compression that surrounds the spark- 
plug during the entire duration of the explosion. 
Second, the unfavorable opportunity to cool its 
sections; that is, to cool the center electrode 
through the insulating material and the threaded 
sections of the spark-plug to the water-jacket, 
and due also to the distance of the central elec- 
trode from the cooling air. In connection with 
the spark-plug, we have found that there are a 
number of very good plugs that cool very well 
and give excellent account of themselves under 
practical conditions 


(2) The exhaust-valve runs at red heat under high 
load, particularly if the seat is imperfect. It is 
through the seat that most of the heat is col- 
lected as well as dissipated. One of the. most 
striking effects of turbulence is that, even 
though the exhaust-valve runs hot and has at 
times glowing particles on its surface, yet there 
may be and usually is no preignition because 
the gases are moving so rapidly over the sur- 
faces of the valves. We have adopted a valve 
rotator so as to distribute the inequalities of the 
temperature and the surface and, by always 
seating in another place, reducing the permanent 
effects of local difficulties 


(3) The temperature of the piston, particularly the 
piston center, the piston wall and the piston- 


ring temperatures, are very important elements 
Mr. Fisher men- 


in the operation of an engine. 
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EFFECT OF COMPRESSION. ON DETONATION 


tions these temperatures in his paper, in connec- 
tion with their vaporizing effects and, as such, 
the piston presents the surface of the greatest 
value for that purpose, because of its area as 
well as its temperature. In connection with the 
piston, we have found it necessary to adopt 
aluminum pistons. We have followed the prac- 
tice that was first adopted in aviation in this 
Country and in Europe: namely, a piston of the 
best alloy and ample head and. ring sections to 
carry off the heat to and through the rings 


As valuable as all these hot surfaces are as vaporizing 


elements, yet they often are too hot to effect vaporization 
because no liquid can spread on their surfaces at the 
temperature usually found. 
assumes the spheroidal state and thus the vaporization 
is delayed greatly and is of questionable value. 
vaporization standpoint, therefore, 
to hold these surfaces at a low relative temperature. 


Any fuel that rests here 


From a 
it is of. importance 


When it comes to the question of detonation, these sur- 


faces are so disturbing as actually: to contro} the question 
of the compression-ratio, other factors being the same. 


It is apparent that nothing short of' the lowest possible 
temperatures of these parts, under the most severe con- 
ditions of running, is acceptable. 


COOLING DIFFICULTIES 


Aside from these well-known and well defined hot sur- 
faces in the combustion-chamber, we must refer to some 
of the difficulties in cooling-water circulation that some- 
times produce hot-spots. When there are pockets that 
give no easy escape of the rising water, or that cause 
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steam to form from the lack of an unobstructed flow up- 
ward, then the water is forced from a hot-spot by belch- 
ing steam and, when the water returns, the surface is 
so hot that it bounces off with little cooling effect. Thus 
a hot-spot develops and spreads and can be the cause of 
detonation; often, it is most difficult to find because 
there are no such distinctive marks on the cylinder-wall 
as appear when a piston or an exhaust-valve is too hot. 

Where the steam system of cooling is in use, there 
appears to be a more uniform temperature of all parts; 
the maximum temperatures are lower and the average is 
higher and more uniform. This is exactly what is 
favorable for high compression. Hot intake-gases and 
hot-spots in the combustion-chamber are the curse of 
high compressions. The hot surfaces, presenting large 
areas to radiate heat, produce very sensitive volumes in 
the combustion-chamber which, when approached by the 
on-coming flame-crest, burn at the high velocities that 
characterize a detonation. Reducing the temperatures of 
these areas reduces the volume of these sections by draw- 
ing in the critical isothermal running over the hot sur- 
face, thus reducing the volume of mixture susceptible to 
detonation. ° 


TURBULENCE 


We have adopted a specially shaped modified Ricardo 
head of approximately the section shown in Fig. 2, which 
varies with the speed desired in a particular surface. In 
this, the spark-plug is located so that, as far as the large 
percentage of the mass of the mixture is concerned, it is 
in such a position as to be very close to all sections and 
the distances to the most remote sections are uniform. 

So far as temperature is concerned, we can now men- 
tion all the factors that, if controlled, aid in establish- 
ing conditions permitting high compression. 


(1) 
(2) 
(3) 
(4) 
(5) 


Cool intake gases 
Cool spark-plug 
Cool piston 

Cool exhaust-valves 


Relatively cool portions of combustion-chamber 
walls 


(6) Turbulence 


We have been able to reach a 5-to-1 compression-ratio 
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and a 104-lb. per sq. in. compression-pressure without 
detonation in a job on the road. With a water-cooling 
system we have been able to run in hot weather without 
a fan and with a regular pump. By the better contro] 
of the maximum temperature we have been able to run 
with lighter oils and to run longer; thus, by reducing 
the mechanical losses, we increase the lubricating-oj| 
mileage as well as gasoline mileage. We have been able 
to make the miles per gallon and ton-miles per gallon in- 
dicated on the charts in Figs 3 to 5. Fig. 3 shows the 
horsepower, with the economy obtained and the power 
required; Fig. 4 shows the fuel consumption in miles per 
gallon and ton-miles per gallon for intercity work; and 
Fig. 5 shows the mileage per gallon on stop-and-start 
work in city traffic. 


THE DISCUSSION 


R. B. HALL:—When you use a steam radiator, do you 
also use any special kind of heated intake-manifold or 
just the plain manifold? In reference to the transmis- 
sion and the rear axle, have you ever tested in regard to 
the heating of the oil to any extent in winter? 

H. L. HORNING:—We do not use a heated manifold 
with the steam system. Heating of the transmission and 
rear-axle oil actually does occur. It happened to me 
while driving here. When we started, I had difficulty in 
shifting to second gear; when we arrived, the gears 
shifted so easily that I thought I had lost my transmis- 
sion oil. It took heat to do that. Heat is the energy that 
is driving the car and the energy which is in the shaft 
was converted into heat in the transmission and in the 
rear axle and then radiated; that heat goes out as abso- 
lutely lost energy. If you have these lubricants thin 
enough so that you do not need to heat them up to make 
them thin, mechanical losses are low. It should be re- 
membered that viscosity is internal friction. Recently, 
in St. Louis, a test run between one-third and full speed 
showed a difference of from 3 to 8 hp. lost in the trans- 
mission itself. That was in warm weather. 

J. G. ZIMMERMAN :—It is evident that the spark-plug 
threads do not carry the heat through very well. Has 
an experiment been made using plugs of larger diameter 
with a correspondingly larger area to carry the heat 
away? How about allowing the incoming air from the 
carbureter or the manifold to strike the spark-plug to 
cool it or as a means of helping to cool it? 

Mr. HORNING:—A body will radiate a certain amount 
of heat per square inch of surface at a given tempera- 
ture. In a spark-plug, a piston or a combustion-cham- 
ber, the thing to strive for is a large volume with a rela- 
tively small surface. The section that we use over the 
piston is just as thin as we can make it because we find 
that, whatever we sacrifice in the volume of mixture we 
eliminate from the effective pressure because that volume 
burns too late and constitutes one of the sacrifices that 
we must make to use the combination. Using the in- 
coming air to cool the spark-plug is an excellent sug- 
gestion; some combustion-chambers depend entirely on 
that. One in particular is called the pent-roof head. It 
has a head like the one shown in Fig. 6. When the in- 
take opens the cool charge impinges on the spark-plug, 
and it does tend to keep it cool. 

C. E. SARGENT:—These papers show the absolute ne- 
cessity of looking after the small points. It seems that 
they have taken into consideration every little thing that 
helps in the efficiency and have taken care of it, which is 
a very good rule to follow when a high efficiency is de- 
sired. Mr. Horning stated that these little hot-spots 
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caused by the spark-plug and the valve and other things 
would prevent detonation if eliminated. How can they 
have any effect on detonation after inflammation has 
started? It seems to me that the elimination of the hot- 


spots would prevent premature ignition but that, after ~ 


the inflammation has started, the hot-spots would have 
nothing to do with the detonation, the flame being very 
much hotter than the plugs themselves or any other hot- 
spot in the vicinity of the combustion-chamber. 

Mr. HORNING:—The particles of gas over a piston or 
any very hot sections are ready to detonate when the 
hot flames approach them. If you were to study piston 
temperatures and draw an isothermal line over it accord- 
ing to the temperatures of the piston, the isothermal 
line would bulge over the center. If we know the tem- 
perature above which we have detonation, then we have 
a volume of gas below this line which is sure to be in- 
volved in detonation under such conditions. The object 
in making a cool piston is to draw that isothermal line 
down so that we have a less volume of gas at critical 
temperatures. When the flame starting from the spark- 
plug approaches this volume, the ultra-violet rays reach 
out and set it off with a high velocity. The entire com- 
bustion-chamber is never involved in detonation. It is 
always some section like that; over the exhaust-valve or 
some uncooled spot in the water-jacket. In designing 
combustion-chambers, the spark-plug should be an equal 
distance from the hot-spots so that the flame will have 
traveled a distance that is a minimum to reach these 
points. 

Surface-to-volume ratio is very important. Mr. 
Ricardo told me a year ago that he tested two engines of 
exactly the same size and exactly the same displacement. 
He found that there was absolutely no difference in 
horsepower and many other characteristics. Between a 
typical L-head engine and an overhead-valve engine at 
slower speeds, the heat loss was more at the moderate 
and at the higher speeds. 

A MEMBER:—Mr. Horning made special mention of 
the importance of the engine accessories. Why do not 
the engine builders furnish the accessories that they 
deem advisable for a certain make of engine? 

Mr. HORNING:—The reason is that nobody will pay 
the engine builder a profit on them. Another reason is 
that the engine profits are so small that we cannot afford 
to send long distances to change defective accessories. 
There are so many kinds of accessories that the engine 
builder would be faced with an enormous inventory in- 


_vestment on which there was no profit. 


A. Y. DoDGE:—What is your analysis of the chief rea- 
son that you have been able to overcome carbonization? 
You laid stress on the importance of cooling the surface 
of the combustion-chamber; how do you keep this surface 
clean? 

Mr. HORNING:—The chief cause of carbonization is 
the carbon particles that glow during detonation but do 
not enter the combustion; when they get through glow- 
ing they drop dead, remain on the piston and all around 
it and cause trouble. If we prevent detonation, we can 
continue indefinitely without carbonization. If the 
piston is cool enough on the surface, the lubricating oil 
will not disintegrate. If we can keep the temperatures 
of the piston low, we can continue almost indefinitely 
without breaking down the oil or without this irregular 
combustion. Detonation is to a regular flame as a 
strike is to industry; a lot of energy is expended, but 
nothing but trouble is given back. Trouble is caused by 
the carbon deposited by detonation, and nothing is given 
in return for it. 











Xx YS 
4 










i ) 


Fic. 6—A So-CaLLED PENT-Roor TyPs oF COMBUSTION CHAMBER 
IN WHICH THE INCOMING AIR Is Usep To CooL THE SPARK-PLUG 


SSAA 


‘4 


W. S. Hartey:—In speaking of piston-rings, Mr. 
Horning intimated that it is possible by design to get a 
better transmission of heat. To what sort of rings did 
he refer? 

Mr. HorRNING:—It is not a matter relating to any 
particular ring but a matter of following the funda- 
mentals. First, we must have enough metal in the head 
to conduct the heat entering the top of the piston to the 
surfaces of the ring on the groove side, which conducts 
the heat into the ring, and enough surface on the ring 
to conduct the heat over to the water-jacket through the 
oil film. We must have a balance between these. The 
important thing in piston and ring construction is the 
fit between them, because the heat path is through these 
surfaces. 

A MEMBER:—Mr. Horning has given as the result of 
experiments that the heat would not pass through from 
one spark-plug screwed into another. The reason must 
be that there is an infinitesimal space between. On the 
other hand, he stated that the transmission of heat from 
the piston to the outside could come only through the 
piston-ring. There we have that space condition ac- 
centuated. Why should not heat pass through in one in- 
stance when it does in the other? 

Mr. HORNING:—You refer to the conduction of heat 
through a gas film between the exhaust-valve and the 
cylinder, where it was stated that a gas film is unde- 
sirable, as well as between the threads of a spark-plug 
and the wall into which it is screwed. In the spark-plug, 
unfortunately, we have a layer of gas between the 
threads, as is also the case between the exhaust-valve 
and the cylinder-wall. When we want a warm house we 
put an air space in the wall of the house. A thermos 
bottle is the best example of an air-gap. On the cylin- 
der-wall we do not have a gaseous medium; we have a 
liquid medium which, we all know, is bad enough in re- 
gard to conducting heat. Lubricating oil is better than 
the gaseous medium, and that is the reason we have 
trouble in conducting heat away from the spark-plug and 
not from the piston to the cylinder-wall. Sometimes, 
when the piston is hot enough, the oil is so thin that the 
hot gases flow by and a vicious circle is established in 
which the piston gets hotter from the hot gases, the vis- 
cosity of the oil gets lower and more hot gases go by, and 
a gas gap and not a liquid gap prevents the escape of the 
piston heat; then the temperature rises until the engine 
stops from preignition. 

Mr. Coleman, of the Madison Kipp Co., took one of our 
old engines that knocks badly, equipped it with his oil- 
ing system and stopped the knocking. The only reason 
the engine stopped knocking is that he succeeded in in- 
troducing an oil-film that had viscosity to it. He put in 
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fresh viscous oil, one drop at a time, and stopped the hot 
gases from coming down; thus, the entire piston was 
kept cool. 

A MEMBER :—What success has Mr. Horning had with 
the venturi opening between the intake and the cylinder- 
head? How does he control the flow of the water through 
the water-pump so as always to get a steaming condition 
in the cylinder? 

Mr. HORNING:—The effect is to cause better distribu- 
tion. Venturis help in distribution. We found that the 
best method is to make an intake-manifold that is uni- 
form in cross-section and small and keep the gas speeded- 
up. With respect to controlling the water supply in the 
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steam system, we must admit ignorance about that. We 


just put it on and it worked. 


A MEMBER :—Is the combustion space immediately over 
the piston just a mechanical clearance? What has Mr. 
Horning found regarding the durability of aluminum 
pistons? 

Mr. HORNING:—I have answered the question about 
the clearance. If you get the section about 14 in. or 5/16 
in. thick, the detonation is very bad; if we make the sec- 
tion thin, the detonation will not be so bad. Aluminum 
pistons having a proper amount of metal and properly 
cooled appear to resist wear equally as well as iron pis- 
tons do when the vaporization is fairly good. 


AMERICAN AERONAUTICAL SAFETY CODE 


rWHE project for establishing a safety code for aeronautics 

has during the past year taken concrete form and its 
formulation is in active progress. The work is being pur- 
sued according to the scheme of procedure of the American 
Engineering Standards Committee which in 1920 recognized 
the Bureau of Standards and the Society of Automotive En- 
gineers as joint sponsors for the project according to the 


establishment of engineering safety standards in aeronautics, 
by which the relative merits or safety of aircraft, air- 
dromes or their operation might be judged with uniformity 
by different individuals. The work was started with a 
synopsis of a safety code and preparatory draft made up 
from a study of rules and recommendations already in ex- 
istence in aeronautical literature or compiled by various 
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organizations for their own use. The subcommittees have | 
studied and amplified this preparatory draft, modifying it 
to fit experience in practical aviation and supplementing 
it with material on subjects not already completely covered. 
The American Aeronautical Safety Code will include various 
various parts as follows: 
Introductory Part.—Scope and Nomenclature 
Part 1.—Airplane Structure 
Part 2.—Powerplants 
Part 3.—Equipment and Maintenance of Airplanes 
Part 4.—Signals 
Part 5.—Airdromes and Airways 
Part 6.—Traffic Rules 
Part 7.—Qualifications for Pilots 
Part 8.—Balloons 
Part 9.—Airships 
Part 10.—Parachutes 
In the development of the code the broadest cooperation 
from the industry in general is desired and to secure this, 
parts of the safety code that are well advanced in the sub /? 
committees are accepted as preliminary reports and copies 


rules of that committee governing work of this character. 
A Sectional Committee to handle the technical work was 
formed during 1921 and at a meeting in New York City on 
Sept. 2, 1921, the permanent organization of this committee 
was effected, the officers being: Chairman, H. M. Crane, So- 
ciety of Automotive Engineers; Vice-Chairman, Joseph S. 
Ames, National Advisory Committee for Aeronautics; Secre- 
tary, M. G. Lloyd, Bureau of Standards; Assistant Secre- 
tary, Arthur Halsted, Bureau of Standards. Five sub- 
committees were constituted, membership in which was sub- 
ject to appointment by the Chairman and was not limited to 
members of the Sectional Committee. These subcommittees 
were appointed to deal respectively with the following: 


(1) Airplane Structure, including design, construction 
and test 

(2) Powerplants for Aircraft, including design, as- 
sembly and test 

(3) Equipment and Maintenance of Airplanes in Ser- 
vice 

(4) Lighter-than-Air Craft, 
ships and parachutes. 


including balloons, air- 


(5) Airdromes and Traffic Rules, including signals and circulated to persons who are sufficiently interested in the 
qualifications for pilots project to study and criticize them. 
The Sectional Committee is composed of representatives National uniformity in procedure and practice, where such 


is desirable, will undoubtedly be facilitated by this work and 
such uniformity can better be approached or established in 
the early stages of the art before diverse and conflicting 
local practices and laws become established. 

The safety code can be used as a source of well considered 
information by agencies undertaking the establishment of 
airports and airways or commercial air services and will also 
be of assistance to the manufacturers of aircraft. 

Three parts of the code, those relating to Airdromes and | 
Airways, Balloons, and Airships, have been completed and 
submitted to the Sectional Committee, which has accepted : 
them. These will be published in the near future and cir- 
culated among those interested in the development of aero- 
nautics. They have not been adopted by the Sectional Com- 
mittee and are subject to revision pending such adoption 
when all parts of the code are ready for consideration to- 
gether. After adoption by the Sectional Committee, the code 
must be approved by the sponsor organizations before its 
promulgation. 

In the Society the code will be submitted through the Aero- 
nautic Division to the Standards Committee and the Society 
in accordance with regular Standards Committee procedure 
before its approvval by the American Engineering Standards 
Committee as a Tentative American Standard. 


of the following organizations: 


Aero Club of America 

Aeronautical Chamber of Commerce 
American Society for Testing Materials 
American Institute of Electrical Engineers 
American Society of Mechanical Engineers 
American Society of Safety Engineers 
Bureau of Standards 

Forest Service 

Manufacturers Aircraft Association 
National Aeronautic Association 

National Advisory Committee for Aeronautics 
National Aircraft Underwriters Association 
National Safety Council 

Navy Department 

Post Office Department 

Rubber Association of America 

Society of Automotive Engineers, Inc. 
Underwriters’ Laboratories, Inc. 

United States Coast Guard 

War Department 

Weather Bureau 


The work is intended as a cooperative research for the 
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HE five types of final drive now in use on motor 

vehicles are stated by the author to be (a) the 
chain-and-sprocket, (b) the bevel-gear, (c) the worm- 
gear, (d) the double-reduction and (e) the internal- 
gear. The advantages of each type as emphasized by 
its maker are presented and commented upon, and the 
same procedure is followed with reference to their dis- 
advantages. 

Following these comparisons of the different drives, 
which cover about the first third of the paper, the 
bearing loads and shaft stresses of typical semi-float- 
ing and full-floating axles are calculated for the con- 
ditions (a) maximum torque plus the normal radial 
load on the wheel, (b) the wheel locked and skidding 
forward when the brakes are applied and (c) the wheel 
skidding sidewise while the truck is moving. A tabula- 
tion of the results obtained from the mathematical 
calculations is included. The author concludes from 
these results that while the maximum shaft-stresses 
are practically the same in both designs, the shaft in 
the full-floating axle can be made lighter and that a 
higher factor of safety should be employed in the semi- 
floating axle since the bending stresses are continually 
reversed. As the bearing loads in the full-floating 
axle are considerably higher, a greater bending mo- 
ment is imposed on the axle housing, thus increasing 
the production cost of this axle because of the neces- 
sity for heavier bearings and axle housing. 

The last third of the paper is profusely illustrated 
with photographs and drawings of various types of rear 
axle. These include the rear axle of the Class B truck, 
as well as commercial examples of the worm drive, 
internal-gear-driven axles with load-carrying members 
of different sections, double-reduction axles and an ex- 
ample of a chain final-drive. 


the final drive, takes place between the propeller 

shaft and the rear wheels. There are five general 
types of final drive in use: (a) the chain and sprocket; 
(b) the bevel-gear drive, with either straight or spiral 
gears, as mostly used on passenger cars; (c) the worm- 
gear drive, which is now the most common type used on 
trucks; (d) the double-reduction rear axle, in which two 
reductions are made between the propeller-shaft and the 
rear axle; and (e) the internal-gear drive, in which the 
first reduction is accomplished by bevel gears in the cen- 
ter of the axle, and the second by internal gears in drums 
or rings attached to the wheels. Each of the various 
final drives has its adherents, claiming advantages for 
certain types over those of others. I will endeavor to cite 
the advantages and disadvantages of each type as put 
forward in the literature of the various makers. 


[: all motor vehicles a certain gear-reduction, termed 


BEVEL-GEAR AND CHAIN DRIVES 


In passenger cars the bevel-gear drive is employed al- 
most universally, most companies using the spiral-bevel 





1M.S.A.E.—Consulting engineer, New York City. 


“Copy for illustrations supplied by the McGraw-Hill Book Co., 
New York City. 


®See TRANSACTIONS, vol. 9, part 1, p. 223 and vol. 11, part 2, p. 324. 
*See Automotive Industries, Feb. 16, 1922, p. 362. 


type on account of its greater silence in running and be- 
cause it permits the employment of a smaller pinion. 
Since bevel gears are not, as a rule, practicable for re- 
ductions in excess of about 6 to 1, their use on trucks, 
except on the smaller models, is ordinarily out of the 
question, for here the final reductions vary from about 
642 to about 14, depending on the capacity of the motor 
truck and the truck speed. 

The chain drive’ on trucks is used on about 4 per cent’ 
of the models manufactured. The chief objection to the 
use of chains is their exposure to dirt and grit, which in 
time causes excessive wear and noise. A number of at- 
tempts have been made to enclose the chains by covers 
of some kind, but they gave more or less trouble and were 
not entirely successful, for provision must be made in the 
cover for chain adjustment and for the relative lateral as 
well as the vertical movement of the sprocket centers on 
account of sidesway and spring flexure. Hence, today, 
most of the chain drives run with the chains exposed and 
by the employment of hardened chain-rollers, pins, bush- 
ings and links the wear and the noise are minimized. 

Lack of lubrication is by far the most common reason 
for noisy chains. It is claimed that applying lubrication 
to the chains each day, which takes only a few minutes 
with a brush, results in greatly decreased noise and wear, 
and that with proper care and treatment chains will run 
from 40,000 to 50,000 miles. This figure is considered 
far too high by users of chain-driven trucks. The fol- 
lowing are the principal advantages claimed for the 
chain drive over the other forms of final drive: 


(1) Simplest in construction 


(2) Will stand as much or more abuse than any other 
type 
(3) Average total efficiency, including the losses in 
the jackshaft, is as high or higher than that of 
any other form of drive 
(4) Increased losses due to worn chain and sprockets 
are very slight 
(5) Easiest form of final drive to repair, as repairs 
can usually be made on the road with spare links 
(6) Bevel and differential gears are carried on the 
sprung portion of the vehicle and are thus im- 
mune from road shocks 
(7) A substantial load-carrying can be employed, 
which in the event of an accident will not dam- 
age the drive-shaft and the gears 
(8) The differential gears and the drive-shaft can be 
made lighter than in most of the other types as 
the maximum torque is produced only at the rear 
wheels 
(9) The universal-joints are arranged to run in line 
between the transmission and the engine, since 
both are attached rigidly to the chassis 
Offers the lowest unsprung weight, thus increas- 
ing the riding comfort 


Some firms use the chain drive exclusively for their 
heavier models but give the purchaser the option of a 
chain drive or a double-reduction drive in the smaller 


(10) 
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sizes. The former offers a greater road-clearance than 
the live-axle type of drive and a much greater range of 
gear-ratio changes than any other type. In the Mack 
truck, for instance, gear-ratios can be made from 61% to 
1 to 14 to 1, without altering anything but the sprockets 
and perhaps adding or taking out a link or two of the 
chain. 

In addition to greater wear and noise, chains will re- 
quire more frequent repairing and renewing than the 
gears of the worm or bevel drives. When sprockets are 
worn until they are hooked, or until the true form has 
been destroyed and the teeth are slightly hooked at the 
ends of the driving side, they will cling to the chain as 
it leaves the sprocket and are then pulled away violently. 
It is claimed that this can be remedied by some forms of 
sprocket design. The chain drive is superior to the worm 
drive under heavy load and torque and only slightly less 
efficient than the worm under high speeds and light loads. 


THE INTERNAL-GEAR DRIVE 


In the internal-gear-driven axle,’ first a bevel reduc- 
tion is provided between the propeller-shaft and the rear- 
axle, as in most passenger cars, and to obtain a further 
reduction at the end of the live axle near the wheel or 
in the hub small spur gears mesh with internally cut 
gears attached to.the wheel. 

One of the advantages claimed for the internal-gear- 
driven axle is great strength, since it permits the use of 
a solid, one-piece load-carrying member, usually a drop 
forging of I-section or a round axle made from bar stock. 
Sometimes the load-carrying member is flattened and 
shaped in the center to encompass the differential hous- 
ing, while in some designs the live axle is within the load- 
carrying member. Other advantages are (a) this axle 
can be made lighter than the worm-gear type, since the 
jackshaft and the differential run at a lower torque than 
in the worm-drive axle, the great speed-reduction being 
made at the wheel, while the reduction at the bevel gears 
in the center of the axle is usually less than 2 to 1; (b) 
the internal spur-gears and pinions are mounted on fixed 
centers and require no adjustment; and (c) the cost is 
low, while the efficiency is high and fairly constant at 
all loads. 

One of the serious problems with most of the internal- 
gear-driven axles is the proper lubrication of all the parts 
of the drive, although it is claimed by its sponsors that 
this drive can run with very little lubrication. The large 
diameter at the ring gear gives plenty of opportunity for 
the grease to leak out around the edges of the gears and 
onto the brake. However, some types run in a constant 
bath of oil, and the joint is not close to the large diameter 
of the ring gear, but nearer the center. Another objec- 
tion against the internal gear is that it is more difficult 
to provide the double internal-brakes on the wheel. Even 
where the internal brake is used, considerable difficulty 
is experienced with the rise in the temperature due to the 
application of the brakes, which may cause the lubricant 
to melt or burn. At present the tendency is to use inter- 
nal rather than external brakes, as the latter form is ex- 
posed to dust and grit. The internal gear, as usually con- 
structed, cannot be made in the semi-floating construc- 
tion, thereby eliminating the use of this design where the 
bearing pressures can be considerably reduced over those 
in the full-floating type. 

Opponents of the internal-gear axle further claim that 
it has several fundamental defects. In most of the in- 
ternal-gear types the load-carrying member is the dead 


5See TRANSACTIONS, vol. 9, part 1, p. 207. 
*See TRANSACTIONS, vol. 9, part 1, p. 215. 
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axle, but in some a central live member is inside the dead 
member, one or more extra idler gears being inserted 
between the jackshaft pinions and the internal-gear rings 
in the wheel-hub. In all internal-gear axles the internal 
gear is carried by the wheel, or else in the wheel-hub be- 
tween bearings, and all wheels will develop a certain 
amount of play, since they have to take the road shocks. 
They will therefore not continue to run perfectly true, 
and the gears will not maintain their exact relation. If 
the gears run out of alignment with each other, instead 
of on a line contact, the contact will take place only on a 
point, under which condition gears cannot wear well or 
run silently nor transmit the power efficiently, for the 
slight play in the wheel will cause them to rock to and 
fro slightly. 

In most internal-gear axles the wheels are mounted on 
some form of dead axle while the jackshaft, running 
parallel, is either in front of or behind it and encased 
in a separate housing, whose only function is to retain 
the live member. If they do not retain their parallelism, 
there will be an additional tendency to throw the gears 
out of alignment. The torque reaction tends to revolve 
the jackshaft about the dead axle and is restrained from 
doing so only by the security of the end fastenings and 
by the rigidity of the dead axle against twisting. If the 
torque were always equal at both ends of the jackshaft, 
the twisting moments would be balanced, but since the 
traction of the two wheels is not absolutely equal, vary- 
ing greatly at times, the torque stress on the axle is not 
equal on both ends. It is therefore claimed by opponents 
that this inequality of torque upsets the absolute parallel- 
ism of the two members, which will have a tendency to 
throw the pinions out of alignment with the internal 
gears. 

In some constructions the load is carried on the dead 
axle, the jackshaft being perfectly free, not centrally sup- 
ported; hence it is not deflected when the axle is de- 
flected, and this will have a tendency to pull the gears out 
of line and cramp the pinion bearings. Sometimes means 
are provided to take care of the deflection by providing a 
universal-joint in the jackshaft, as in the rear axle of 
the De Dion-Bouton Co., and the Rochet-Schneider Co. of 
France. This, on the other hand, introduces a more com- 
plicated mechanism and a larger number of parts. 

The type that has a separate dead axle weighs more 
for a given strength, since the larger outside dimensions 
of a hollow tube offer more strength with less weight; 
hence for the same factor of safety a solid axle is heavier 
than one of tubular construction. However, against the 
disadvantages enumerated is the fact that about 17 per 
cent of the models of trucks built in this Country employ 
the internal-gear drive and among its adherents are some 
of the well known companies. 


THE WORM-DRIVE AXLE 


The worm and wormgear are usually assembled in a 
unit and then attached to the axle housing.’ In this axle 
the road shocks or stresses, except those coming through 
the driving-axle, do not tend to disturb the alignment of 
the wormgear. Provisions should be made for prevent- 
ing the oil in the center of the housing from running out 
through the hubs. Oil-retainers are sometimes used on 
both the axle-shafts and the wheel-hubs for this pur- 
pose. A vent pipe in the rear-axle housing will assist in 
overcoming oil leaks. Adherents of this axle claim that 
its average efficiency is very high and that a truck 
equipped with a high ratio will coast quite freely. 

The great advantages claimed for the wormgear axle 
are the perfect mechanical enclosure of the final drive 
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which is running in a bath of oil, and its practically noise- 
less operation. Even the wheel bearings are lubricated 
from the center housing, and when proper provisions are 
made there is no danger of the lubricant saturating the 
prakes. When the housing is filled with a suitable oil, 
the latter will last up to 5000 miles. Due to the perfect 
enclosure, dirt and grit are positively prevented from 
reaching the mechanism. Worm-gear axles are fre- 
quently equipped with double internal-brakes, which af- 
fords excellent protection against dirt and grit. It is 
claimed that wheel brakes are more satisfactory than 
propeller-shaft brakes, for with the latter the stresses in 
the drive-shafts and the gears are considerably greater 
than when wheel brakes are employed, the torque arising 
from the locking of the wheels of loaded trucks being 
much higher than that of the engine. 

Other advantages claimed for the wormgear are (a) 
its great simplicity, it having the fewest number of parts; 
(b) it is possible to obtain any desired reduction with 
two pieces, the worm and the wormwheel; (c) it is pos- 
sible to obtain an almost straight drive from the engine 
to the rear axle; and (d) its durability is very great. 
It is better to have the weight in the center of the axle 
than at the axle ends, for when one wheel rises, or hits 
an obstruction and is thrust upward, the upward acceler- 
ation in the center of the axle will be only one-half of 
that at the wheel; hence the stresses induced will be 
smaller, and the action will be more like that of a smaller 
unsprung weight than if the weight were at the wheels. 

Opponents of the wormgear claim that (a) it is a 
highly efficient power-transmission gear only under cer- 
tain conditions, for under a heavy torque a wormgear has 
a very low efficiency, while at high speed under light load, 
its efficiency is high; and (b) in coasting there is a cer- 
tain amount of friction in the worm and the gear. Tests 
made by the International Motor Co, showed that trucks 
equipped with a worm drive did not coast as well as 
other types; hence, it is claimed, that even though the 
worm may be more efficient than the chain under certain 
conditions, its average efficiency throughout the range 
of conditions encountered in service is lower. 

The most fragile part of the worm drive is the worm 
thrust-bearing, which takes the enormous thrust exerted 
by the worm. In some axles ball bearings are provided 
at this point; others are equipped with taper roller bear- 
ings. Since the worm must be carried on the top to ob- 
tain sufficient road clearance, the worm bearings can be 
lubricated only by the oil carried up or thrown up as the 
wormwheel rotates. When this runs at a low speed, suf- 
ficient oil is not always carried to the top. To provide 
sufficient lubrication special means, like oil troughs, are 
sometimes provided inside the wormwheel housing to 
catch the oil and lead it to the bearings. The worm drive 
is more expensive than other forms, but it is claimed that 
the maintenance cost is considerably less. When the 
pressure on the worm is not too high, the gears properly 
cut and the lubrication adequate, the film of oil is not 
squeezed out from between the surfaces, and there is very 
little friction. However, when the pressure is excessive 
and the oil is squeezed out, considerable friction exists 
and damage may result in a short time. 

Another reason for rear-bearing failures is that the 
necessary play in the worm takes the form of a blow on 
the thrust-bearing whenever the clutch is thrown in or 
speed-changes are made and, while taper roller-bearings 
or ball bearings can withstand high pressures, they can- 
not withstand impact very well. Trouble with thrust- 
bearings may also be caused by improper clearances, 
which, under excessive strain or deflection, cause an in- 
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crease in the temperature with a consequent elongation of 
the worm. In the worm drive the torque induces pressure 
on comparatively small surfaces of the teeth, which rub 
one on the other, while with toothed gears or chains and 
sprockets there is more of a rolling contact than pure 
friction. 

Some manufacturers claim that torque-arms and ra- 
dius-rods impose additional stresses on the worm; hence 
they advocate the Hotchkiss drive. With this a cushion- 
ing effect is imparted to the drive as the springs permit 
the axle to rock back slightly in starting, thereby reduc- 
ing the pressure on the worm teeth when the car is first 
started and the torque is highest. It is also claimed that 
it permits the worm and the wheel to oscillate, thereby 
working more oil between the surfaces than is possible 
with a rigid drive. On the other hand, opponents of the 
Hotchkiss drive in connection with wormgears claim that 
they must put extra weight into springs when the latter 
are used to perform the functions of the torque and 
radius-rods, and wherever satisfactory results are ob- 
tained with the Hotchkiss drive the springs must have a 
greater factor of safety. I believe that the Hotchkiss 
drive when properly designed gives satisfaction, even 
though the springs are relied upon to perform more se- 
vere functions. While many objections are brought for- 
ward against the worm drive, 72 per cent of all the truck 
models manufactured in the United States use this type 
of final drive. 


THE DOUBLE-REDUCTION DRIVE 


In the double-reduction rear-axle two reductions take 
place between the propeller-shaft and the live axle. The 
first reduction is by a pair of bevel gears and the second 
by a pair of spur gears, or vice versa. Instead of 
straight-bevel or spur-gear teeth, helical teeth can be 
employed. 

The advantages claimed for this type are (a) simplic- 
ity of construction, in that only comparatively small bevel 
and spur gears are employed, which lend themselves easily 
to quantity production; (b) all the gears are perfectly 
enclosed and protected from dust and grit, and run in a 
bath of oil; (c) its average efficiency is as high as that 
of any other drive and is substantially constant under all 
speeds and loads; and (d) the gears will always remain 
in alignment and are silent in running. 

The disadvantages cited against this drive are (a) an 
increased number of parts over the wormgear drive; (6) 
it is heavier than the internal-gear and the chain drive, 
since the live axle has to carry the entire torque; and (c) 
it is more costly to manufacture. 


SEMI-FLOATING AXLES 


Having discussed the various types of final drive, be- 
fore analyzing actual examples of the different designs 
we will calculate the bearing loads and the shaft stresses 
of semi-floating and full-floating axles, for with this in- 
formation we will be in a position to determine their 
merits and demerits. 

To find the bearing loads and the shaft stresses in semi- 
floating rear-axles three distinct conditions must be con- 
sidered. These are 


(1) The maximum torque plus the normal radial load 
on the wheel 

(2) The wheel locked and skidding forward when the 
brakes are applied 

(3) The wheel skidding sidewise while the truck is 
running 


For example, a certain high-grade truck axle has a 
maximum total reduction of 49.61; the maximum horse- 
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power is 50 at 1000 r.p.m. and the load on each rear 
wheel is 9000 lb. The torque in the rear-axle shaft with 
a transmission efficiency of 85 per cent, and running in 
low gear is 132,850 Ib-in. or one-half this amount, 66,425 
lb-in., in each half of the rear-axle shaft. On the other 
hand, if a transmission brake is employed or if the en- 
gine is speeded up and the clutch thrown in suddenly, 
causing the rear wheels to slip on the ground, the maxi- 
mum force at the periphery of the wheel is 0.6 « 9000 = 
5400 lb., 0.6 being the coefficient of friction between the 
tire and the road surface, and if the wheel diameter is 
36 in., the torque in each half of the shaft is 18 « 5400 = 
97,200 lb-in. However, we will not consider these condi- 
tions, for in our example no propeller-shaft brake is em- 
ployed, and steel can stand a large momentary occasional 
overload without serious damage. The dimensions of 
the axle in the before mentioned truck are 2 7/16 in. 
near the differential and 4 in. near the outer bearing. 
The shearing or torsional stresses in the shaft can be 
found from the well-known formula 
Ss — T/Zp 

where 

Ss =the shearing stress in pounds per square inch 

fT = the torque 

Z,» — the polar section modulus 


The diameter at the weakest point of the axle, which 
is close to the inner bearing, is 2.4375 in. The polar sec- 
tion modulus at this point is 0.1963 times the cube of 
the diameter. Substituting these values in the formula 
for the shearing stress, we have 

Ss = 66,425 ~ [0.1963  (2.4875)*] 
= 66,425 = 2.84 
= 23,390 lb. per sq. in. 
At the outer bearing the shaft is 4 in. in diameter and 
the stress due to torsion at this point calculated from the 
formula is approximately 5280 lb. per sq. in. 

We will now consider the bearing loads and shaft 
stresses due to the bending moments. Under ordinary 
running conditions the radial load on each wheel is 9000 
lb.; the distance between the bearing centers is 25 in., 
and between the outer bearing and the center of the 
wheel 6 in. approximately as shown in Fig. 1. If H, is 
the reaction or the radial load on the outer bearing, and 
H, that of the inner or the differential bearing, and if 
the radial load on the wheel is designated by P, then, tak- 
ing moments about the outer bearing, we have 6P = 
25H., and H, = 6P — 25 = (6 « 9000) — 25 = 2160 lb. 
Taking moments about the inner bearing, 31P = 25H,.,, 
and H, = 31P ~— 25 = (31 « 9000) — 25 = 11,160 lb. The 
bending moment in the shaft near, or 1 in. from, the 
inner bearing, is 2160 lb-in., increasing toward the outer 
bearing, where it is 2160 *« 25 = 54,000 lb-in. 

The tensile and compressive stress S of a shaft is 
found from the formula 

S=B/ 
where 
B =the bending moment 


S = the tensile and compressive stress of a shaft 
Z =the section modulus 


The section modulus, not the polar section modulus, of 
a round shaft is 0.098 times the cube of the diameter. 
Near the outer bearing of the shaft the diameter is 4 in. 
Substituting in the formula, we have 
S = 54,000 — [0.098 « (4)*] 
= 54,000 — 6.28 
— 8600 Ib. per'sa. in. 


Near the inner bearing the diameter is 2.4375 in. and by 
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substitution in the formula we find the stress equals 
1523 lb. per sq. in. 

To find the stress in a shaft subjected to torsion and 
bending stresses, we may make use of an equivalent 
twisting moment T,, which would create the same stress 
in the shaft as that due to the combined twisting moment 
T and the bending moment B and is equal to the square 
root of the sum of their squares. Near the inner bearing 

Te = V((2160)* + (66,425)*] = 66,500 lb-in. approximately 
almost the same as that found for the twisting moment 
only. At the outer bearing 
Tc = V[(54,000)* + (66,425)*] = 85,000 lb-in. approximately 
The stress in the shaft at the outer bearing is therefore 

Ss = Tc + Zp 
= 85,000 — 12.56 
= 6570 lb. per sq. in. approximately 
While at the inner bearing S, = 66,500 — 2.84 — 23,400 
lb. per sq. in. approximately, showing that the stress in 
the shaft is much greater near the inner bearing. 

The material used for this shaft is S.A.E. Steel No. 
2340, which, if heat-treated to a Brinell hardness of 335, 
or a scleroscope hardness of 51, has a tensile-strength of 
175,000 lb. per sq. in. and an elastic-limit of 150,000 lb. 
per sq. in., according to the S.A.E. HANDBOOK. The 
shearing strength of steel is approximately 85 per cent 
of its tensile-strength or 175,000 « 0.85 = 149,000 lb. 
per sq. in., while the transverse elastic-limit or the elas- 
tic-limit in shear is approximately 35 per cent of its ulti- 
mate shearing-strength, and this should be considered 
when finding the factor of safety. Therefore, the elastic- 
limit in shear equals 149,000 « 0.35 = 52,150 Ib. per 
sq. in. approximately. Very few data seem to be avail- 
able as to the elastic-limit in shear of various steels. 
Hence, at the weakest portion of the shaft the factor of 
safety is 52,150 — 23,400 2.23 approximately under 
normal conditions, when running in low gear. 

Next, we will investigate the bearing loads and shaft 
stresses when the brakes are applied and the wheel is 
locked and sliding forward. In this case there is a hori- 
zontal force at the periphery of the wheel equal to the 
vertical or normal load of 9000 lb. resting on it multi- 
plied by the coefficient of friction 0.6, as was mentioned 
before, or 5400 lb. The two forces, the vertical and the 
horizontal, act at right angles to each other. The result- 
ant radial load R on the wheel due to these two forces 
is equal to the square root of the sum of their squares 
or 10,500 lb. If we call the reactions or bearing pressures 
in the outer and inner bearings H, and H, respectively, 
by taking moments about the outer bearing we have 
6R = 25H.,, from which H, 6R — 25 = (6 X 10,500) 

- 25 2520 lb. Taking moments about the inner bear- 
ing, we have 31R = 25 H.; hence, H, = (31 *« 10,500) 

. 25 13,000 lb. The bending moment near the inner 
bearing is 2520 lb-in., and near the outer bearing it is 
25 « 2520 or 6 * 10,500 = 63,000 lb-in. Then, since 


S = B/Z, at the inner bearing, S = 2520 -— 1.418 — 1770 
lb. per sq. in., and at the outer bearing S = 63,000 -~ 6.28 


10,000 lb. per sq. in. approximately, the values for Z 
at the inner end of the shaft being 1.418 and at the outer 
end 6.28 as found before. It is seen, therefore, that 
under these conditions, with the wheels locked and slid- 
ing forward, the stresses in the shaft are very low, espe- 
cially in view of the fact that the shaft is subjected to 
bending stresses only. The material is in tension and 
compression, and its elastic-limit is 150,000 lb. per sq. in. 

We will now consider the bearing loads and shaft 
stresses resulting from skidding sidewise when turning 
a corner at a certain speed. Under these circumstances 
the centrifugal force F, which causes the rear of the 
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truck to skid, will equal the coefficient of friction, 0.6, 
multiplied by the total weight, 6W, carried by the two 
rear wheels. In this case, therefore, F, = 0.6 « 18,000 
= 10,800 lb. 

Assuming that the center of gravity of the entire load 
on the rear wheels is located 45 in. from the ground, call- 
ing this distance h, that the total pressure between the 
two rear tires and the ground is designated by P, that 
P, is the pressure on the outer wheel and P,; that on the 
inner wheel, when rounding a curve, that the tread, t¢, 
is taken as 56 in. and that the radius of the wheel, 7, is 
18 in., then, by taking moments about the point where the 
inner wheel touches the ground, we have 

PoX t= (W X1/2t) + (Fe X h) 
or 
Po =1/2W + [(Fe Xh) +t] 
Substituting the assumed numerical values, we obtain 
Po = (18,000 ~ 2) + [ (10,800 « 45) + 56] 

= 9000 + 8700 

— 17,700 lb. 
The load on the inner wheel will be 9000 — 8700 or 300 lb. 

In addition to the radial load, there is a thrust load Ly 
on the two wheels arising from the tendency to skid; this 
thrust load is equal to the centrifugal force F, and is di- 
vided between the two rear wheels in proportion to their 
radial load. Hence, the thrust force on the outer rear- 
wheel between the tire and the ground Fo = 0.6 K P, = 
0.6 < 17,700 = 10,600 lb. Thus the total radial load on 
the outer wheel is 17,700 lb., and the side-thrust at the 
bottom of the wheel 10,600 lb. Taking moments about 
the inner bearing, we have 

31Po = 25H: + (r X Fo) 
or 
H, = [81P.— (r X Fo)] + 25 
Substituting the corresponding numerical values for the 
various letters, we have 
H,; = [ (31 X 17,700) — (18 10,600) ] + 25 
= 14,300 Ib. 
Taking moments about the outer bearing we have 
6 Po = 25 H. + (r X Fo) 
H. = [6Po— (r X Fo)] = 25 
— [(6 X 17,700) — (18 & 10,600) ] + 25 
= — 3384 lb. 
The result is a minus quantity as the bearing will carry 
the load on the top, while under normal running it will 
carry it at the bottom. It should be remembered that the 
outer bearing also has to carry a thrust load of 10,600 Ik. 

Knowing the bearing pressures or the reactions we can 
easily find the bending moments and the stresses in the 
shaft, as in the last example. The bending moment B 
near the inner bearing is 3384 lb-in. and near the outer 
bearing 25 & 3384 = 84,600 lb-in. approximately. In 
addition to the bending moment due to skidding, the 
twisting moment in the shaft due to the drive must be 
considered. Evidently the truck will have to be in the 
high gear to travel at the requisite speed to produce 
skidding; hence the torque will be much lower, but even 
if the truck were in the low gear, and the torque be 
66,425 lb-in., the maximum stress in the shaft would be 
barely higher than under straight forward travel, when 
in the low gear. If the low-gear torque is added, the 
equivalent twisting moment near the inner bearing is 
practically the same as that found before, 66,500 lb-in., 
and the shearing stress equals 23,400 lb. per sq. in. Near 
the outer bearing the equivalent twisting moment has a 
value of approximately 107,000 lb-in., and the stress is 
8550 lb. per sq. in. When skidding sidewise the torque is 
considerably lower in practice, for the truck would not 
skid unless it traveled in one of the higher-speed gears, 
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STRESSES IN A SEMI-FLOATING AXLE 

unless the road surface were muddy or slippery, and in 
such event the coefficient of friction is considerably lower; 
hence the bending moment would be lower. The maxi- 
mum stress in shear is therefore near the inner bearing 
on straight forward travel in the low gear and amounts 
to 23,400 lb. per sq. in. 


FULL-FLOATING AXLES 


The stresses in the shaft of a full-floating axle are 
purely torsional or shearing stresses, and if the engine 
power and gear reduction are as in the last example, the 
maximum torque will be as found before, 66,425 lb-in. in 
each axle-shaft. If the shaft dimensions are the same as 
those of the small end in the previous example, the maxi- 
mum unit-stress for torsion in the shaft metal would be 
the same as that found before, 23,390 lb. per sq. in. In a 
full-floating axle the shaft dimensions are, as a rule, 
uniform, not tapered as in the semi-floating type, since 
the live axle is relieved of all bending moments by the 
wheel bearings. 

The maximum radial load on the wheels, when the 
brake is applied and the wheels slide forward, is the re- 
sultant radial load due to the combined horizontal and 
vertical forces and is the same as found before, 10,500 Ib. 
If the distance between the bearings is 7 in., as shown in 
Fig. 2, the inner bearing H, is 2% in. from the wheel 
center, and the outer bearing H, 4% in., then, by taking 
moments about the outer bearing, we find 7H, = 4.5 





Fic. 2—DIAGRAM ILLUSTRATING THE BEARING LOADS AND SHAFT 
STRESSES IN A FULL-FLOATING AXLE 
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Fig. 3—-PLAN VIEW OF THE REAR-AXLE FOR THE CLASS B TRUCK 


10,500, and H, = (4.5 « 10,500) — 7 = 6750 lb.; the load 
on the outer bearing H, = (2.5 « 10,500) — 7 = 3750 lb. 

When the wheels skid sidewise, the bearing loads on 
the outer wheel are considerably higher. If the portion 
of the centrifugal force F,, at the outer wheel that pro- 
duces the skidding, and the radial load P, are, as found 
before, 17,700 and 10,600 lb. respectively, then by the 
law of moments we obtain 


7 H,=4.5 Po +18 Fc 

hence 

H, = [ (4.5 X 17,700) + (18 X 10,600) ] +7 

= 38,700 Ib. 
and 
7 A, r 18 Fe = 2.5 Po 
from which 
H, = [ (2.5 X 17,700) — (18 & 10,600) ] +7 

= — 21,000 lb. approximately 
showing that on the outer bearing the load is reversed 
from its normal direction. In addition there is a thrust 
load of 10,600 lb. The results obtained are given in 
Table 1. 





TABLE 1—COMPARISON OF STRESSES AND BEARING LOADS IN 
SEMI-FLOATING AND FULL-FLOATING AXLES 

Type of Axle Semi-Floating Full-Floating 

Maximum Stress, lb. per sq. in. 


Near wheel 8,550 23,390 

Near differential 23,400 23,390 
Maximum Bearing Load, lb. 

ee Er ee —21,000 

Inside of wheel 14,300 38,800 

At the differential - | a a es 

Thrust load 10,600 10,600 





From Table 1 we can judge that the maximum shaft 
stresses are practically the same in both designs, but the 
shaft in the full-floating axle can be made lighter and 
at less cost since the stress is uniform in the entire shaft 
and the shaft is relieved of all but torsional stresses. 
Furthermore, in the semi-floating axle, the bending 





™TSee TRANSACTIONS, vol. 13, part 1, p. 125 





Wie. 4—SeEcTION LOOKING FROM THE REAR OF THE REAR-AXLE FOR 
THE CLASS B TRUCK 
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stresses are continually reversed; therefore a higher 
factor of safety should be used. The bearing loads in 
the full-floating axle are considerably higher, which will 
impose a much greater bending moment on the axle hous- 
ing. Hence the bearings and the axle housing must be 
made heavier and thus this axle will be more expensive 
to manufacture than the semi-floating axle. 


PRACTICAL EXAMPLES OF WORM-DRIVEN TRUCK REAR- 
AXLES 


Figs. 3 and 4 give a plan view and a sectional view, 
looking from the rear, of the “Class B” rear axle. The 
housing is of the Timken type, with a square section from 
the center bowl outward. The tubes a are pressed into 
place, a retaining screw being provided in addition." 
These tubes extend to the bowl of the housing. The re- 
inforcing plate b is riveted to the housing and fits snugly 
over the end of the tube. The wormgear wheel is mounted 
on the differential by 97 splines, 1/16 x 3/16 in. section 
and 15/16 in. long. The differential, the worm and worm- 
gear are mounted on the differential carrier, which is 
piloted at the top of the housing as shown at c¢, Fig. 4. 
At d are oil-grooves to lead the oil to the worm bear- 





Fic. 5 


DRAWING SHOWING THE ARRANGEMENT FOR HOLDING THE 
WoORM BEARINGS 


ings. The means used for holding the worm bearings 
are shown in: Fig. 5. The gear adjustment is made by 
slotted and threaded rings behind the bearing differential- 
cups, as shown at e in the assembly, Fig. 4. The roller- 
bearing cups f are clamped to the upper main differential- 
carrier by caps g, which are held by 1-in. nickel-steel 
studs h. The entire unit can be removed from the hous- 
ing without disturbing any adjustments. The six roller 
bearings in the wheels and at each side of the differential 
are all identical in size and thus interchangeable. 

Fig. 6 shows a detail of the axle housing, which is a 
steel casting. The Government gave the manufacturers 
their choice of making this a steel casting as shown, or 
a steel stamping like that shown in Fig. 7. 

Fig. 8 is the axle or drive-shaft made of chrome-nickel 
steel with a high carbon-content. At the weakest point 
the diameter is 214 in. The axle is of the full-floating 
type; the radial load, as well as the lateral thrust, on the 
wheels is taken by taper roller-bearings, the shaft being 
only under torsional strain. The Class B truck is 
equipped with an engine having a torque of 2800 Ib-in.; 
the ratio in the low gear of the transmission is 5.93 and 
in the rear axle 9.50; hence, the maximum ratio of re- 













































es 





Fo 


Fe tS GN CU 





Vol. XIII 








August, 1923 


REAR AXLES FOR TRUCKS eee: 






















4 
y 
4 


ASectionB-BA 


S 


Senn 


LI 


Qe 





Reccmacaa 





Section C-C 


Fic. 6—DerralIL oF THE Cast STEEL AXL® HovusiIne 


duction is 56.3 to 1. The distance between the bearings 
in the rear wheel is approximately 514 in. 

Fig. 9 is the Sheldon rear-axle which is suitable for 
trucks of from 5 to 6-ton capacity. The maximum allow- 
able load on the rear tires, including the weight of the 
truck and the pay-load, is 18,000 lb. The weight of this 
rear axle complete is approximately 2010 lb. In all the 
rear axles built by the Sheldon Axle & Spring Co. ball 
bearings are used for taking the worm thrust as well as 
the radial load of the worm, for which a number of ad- 
vantages are claimed. The double-row bearing i at the 
rear carries the radial load as well as the thrust in both 
directions. It is claimed that with ball bearings no 
wedging is possible under thrust, whereas with taper 
roller-bearings such wedging exists. The front bearing 
j is free to move as the worm expands, due to a rise in 
temperature, which is occasioned by extra heavy work 
or lack of proper lubrication. No adjustments are neces- 











Section A-A 





. T—Derall OF THE AxitE HovusIne STAMPED FROM STEEL 


sary with ball bearings and, as the wormwheel and 
carrier are machined by very accurate jigs and fixtures, 
no adjustments are necessary in the first place. The 
semi-floating or fixed-hub type of axle is employed on all 
Sheldon axles; also the Hotchkiss drive. 





Splines Same This Contraction tnlanged View 
on Both Ends Optional of Groove 


Fic. 8—AXLE OF THE CLass B TRUCK 


Fig. 10 shows the worm and wormwheel carrier, which 
can be removed from the axle housing as a unit complete 
with the worm, the wormgear and the differential. The 
lower section of the wormwheel runs in a bath of oil in 
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Fic. 9—REAR-AXLE SUITABLE FOR TRUCKS HAVING A CAPACITY OF FROM 5 TO 6 TONS 
the bowl of the axle housing, and as the wormwheel mounted on double-row ball bearings or on straight 
rotates all the bearings and the worm and wormwheel roller-bearings. The wormgear is held between the 
are lubricated by the splash. The only other parts need- differential flanges and is piloted, thus being supported 
ing lubrication in the entire rear-axle are the brake throughout its circumference. To prevent egress of oil 
rocker-shafts and the wheel bearings, and these are lubri- 
cated by oil-cups provided at these points. 2 ae /32 >] 

The lower part of Fig. 11 is a detail of the axle shaft, 
made of S.A.E. No. 2340 heat-treated steel. The shafts 
are forged to size from small billets. The ends of the 
axle where it enters the differential, as well as where it 
drives the wheel, are hexagonal. The diameter at the 
wheel bearing-seat is 334 in. and the distance across the 
flats of the hexagonal end at the differential is 2 7/16 in. 
The method of attachment to the wheel can be seen from 
the assembly drawing in the upper portion. The wheel is 
seated by collets k, which are jambed by tightening the 
axle nut, and this in turn is locked by the hub-cap. The 
hub-cap is attached to the rear hub-flange by three 1-in. 
studs and lock-washers. The two brakes are placed side 
by side in the drum, the same as in the Class B axle. In 
the Sheldon axles the cam type of brake is used on the 
smaller sizes, while on the larger sizes the wrap-up type 
is employed. 

Fig. 12 shows the semi-floating worm-drive rear- 
axle of the Wisconsin Parts Co. The worm and worm- 
gear complete are mounted on the differential carrier 
and inserted into the housing from above and attached 
thereto. The worm shaft is mounted on ball bear- 
ings, the forward one being free to float; the outer Fic. 11—DeETAIL OF THE AXLE SHAFT IN THE LOWER PORTION AND 


race is therefore not confined endwise. The wheel is ABOVE THE ASSEMBLY DRAWING SHOWING THE METHOD OF ATTACH- 
ING THE WHEEL TO THE AXLE 








through the wheel bearing onto the brakes, two felt 
washers | are provided, one just behind the wheel bearing 
and one in the adjusting nut. The brakes, as may be 
noted, are both internal and mounted on a double brake 
drum. The drums are placed concentrically, thereby per- 
mitting the use of comparatively narrow brake-drums 
which enables the wheels to be located closer to the 
spring-seats. The housing is a malleable casting. The 
drive-shafts are made of No. 3140 S.A.E. chrome-nickel 
steel, heat-treated to show an ultimate strength of about 
200,000 Ib. per sq. in. 

Fig. 13 shows the axle constructed by the Timken De- 
troit Axle Co. for trucks of from 2 to 5-ton capacity. In 
these models this company uses the full-floating axle, 
while in its smaller models, having capacities of from 
Fic. 10—WorMWHEEL AND WORMWHEEL CARRIER USED WITH THE 34 to 114 tons, it uses the semi-floating type. All the 

AXLE ILLUSTRATED IN Fic. 9 Timken axles are worm-driven, and the entire construc- 
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Section A-A 





Fig. 12—A SEMI-FLOATING WorRM-DRIVE RBEAR-AXLB 


tion is similar to the Class B axle, the chief difference 
being in the brakes. 

Fig. 14 is a side view of the brakeshoes in the brake- 
drum. There are four shoes, m, n, o and p, each extend- 
ing about one-fourth of the circumference of the drum, 
but covering full width, as seen from the assembly at g. 
The brake cams, r and s, which are operated by the . 
brake-shaft levers t and u respectively, actuate two oppo- iS 
site shoes; s actuating m and n, and r operating o and p. S 

Fig. 15 is the fixed-hub or semi-floating type of Timken 
rear-axle. This differs from the type illustrated in Fig. 
13 in that the axle shaft is fixedly attached to the wheel 
direct, instead of by a splined driving-plate, and the axle 
supports the load of the wheels. In full-floating axles 
there is a greater stress on the axle housing, near the 
wheel, than in the fixed-hub type. 

The Pierce-Arrow 31% and 5-ton truck axles are full- 
floating; the wheels are provided with taper roller-bear- 
ings, while the worm and wormwheel are supported on 
ball bearings. A propeller-shaft brake 1s used as the 
service brake, while the emergency brake acts on the in- 

side of the brake-drums, as seen in Fig. 16, which is a 
| cross-section of the rear-axle assembly. In its 2-ton 
model this firm employs taper roller-bearings throughout 
and also for the worm. The axle is semi-floating; the 
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two brakes are placed side-by-side in the rear-wheel] '¢. 14—A Sipe View or Tus Brake-Drum Usmo with Axis SHown 
brake-drums. Instead of driving through torque and IN Fic. 13 ILLUSTRATING THE ARRANGEMENT OF THE BRAKB-SHOES 


radius-rods, the Hotchkiss drive is employed in the small 
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Fic. 18—A Fuii-FLoaTInG AXLE For TRUCKS RANGING FROM 2 TO 5 TONS IN CAPACITY 
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Fic. 15—A Frxep-Hus or SEMI-FLOATING TYPE OF REAR AXLE 


Fig. 17 shows the worm mounting of its larger models. 
The radial load is carried by single-row ball bearings, 
one in the front and one in the rear, while the thrust in 
both directions is taken by a double-row ball thrust- 
bearing located at the back. The differential bearings 
consist likewise of single-row balls for supporting the 
radial load, as seen from Fig. 16. 


EXAMPLES OF INTERNAL-GEAR DRIVES 


Fig. 18 is an assembly drawing of the 34-ton Torbensen 
axle. In this axle the load-carrying member is of I-beam 
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section. Such a section can be made lighter for a given 
strength and a given direction of the vertical stresses 
than round or square sections. The objection cited 
against I-beam rear-axles is that the stresses are im- 
parted to it from other directions than purely vertical. 




















z . OCA! BEI APPLET: 
g "\Y %q > = 
2 := 
P | aa 
e = 
C Mth 








ESS ~ 
: 
rm ‘hy 
- 4 N 
wl... § 


Fic. 17—WorRM MOUNTING OF A LARGER TYPE OF AXLE SHOWN IN 
Fic. 16 
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Fic. 18—ASSEMBLY DRAWING OF A %-TON AXLE HAVING THE LOAD-CARRYING MEMBER OF I-BEAM SECTION 








L Ls : 
Fis. 16—Cross-SmcTION OF THE REAR-AXLE ASSEMBLY FOR TRUCKS 
RANGING FROM 3% TO 5 TONS IN CAPACITY 





When striking an obstruction on the road, or when apply- 
ing the brakes and locking the wheels, the stresses are 
not entirely vertical; however, by far the greatest loads 
in practice are substantially vertical. At the ends of 
the I-beam are tapered holes, 414 in. deep, for inserted 
spindles, made of No. 6130 S.A.E. chrome-vanadium steel. 
The advantage claimed for these spindles is that they 
can be made to the exact hardness desired more easily, 
and by employing a higher grade of heat-treated alloy 
steel the spindle diameter may be made smaller, which 
permits the use of smaller bearings. 

Another special feature of the Torbensen axle is that 
the jackshaft is carried behind and supported in the 
center by the I-beam axle. At v can be seen how the 
differential housing of the jackshaft is shouldered where 
it is attached to the I-beam axle by cap-screws. Locat- 
ing the differential housing behind the load-carrying 
member permits the removal of the housing cover w for 
inspection and adjustment of the gears and bearings. 
The advantage claimed for the feature of attaching the 
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Fic. 19—AN EXAMPLE OF A RouND INTERNAL-GEAR AXLE MADE FROM CHROME-NICKEL Bar Stock 


differential housing rigidly to the load-carrying member 
is that under any deflection of the axle the jackshaft will 
flex with it and thus maintain the line contact of the 
spur gears, whereas, if these members are not attached 
together rigidly, any strain in the load-carrying member 
will deflect it and, since the shaft with the pinions is not 
deflected, only the outer edges of the teeth will come in 
contact with the internal gears. 

The internal gear is attached to the wheel hub by a 
press fit and 12 5/16-in. rivets, as shown at © in the 
assembly drawing. This is claimed to be a distinct ad- 
vantage over the constructions where the ring-gear 1s 
held in place by bolts passing through the gear and the 
woodwheel, where the gear is seated on a wooden sur- 
face. Attaching the gear to the hub direct provides a 
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Fic. 20—A 1-Ton BEVEL-DRIVE AXLE FOR TRUCKS EQUIPPED WITH PNEUMATIC TIRES 


metal-to-metal contact, which tends to keep the gears in 
line, while when it is attached to the wheels by bolts it 
is liable to distortion when drawing up the bolts in 
assembling. The brake-drum y is mounted on the wheel 
to admit of some space between it and the internal gear, 
thereby allowing sufficient room for the brakes, which 
may both be placed inside the drum, if the latter is 
widened. In the drawing one internal and one external 
brake are shown, and a sheet metal ring z is employed 
to keep dust and dirt from the spur gears and to shield 
the brakes from the lubricant of the gears. The attach- 
ment of the brake-shaft bracket to the I-beam is shown 
in the assembly. It is stated by the makers that this 
%4-ton axle weighs about the same as a bevel-gear-drive 
axle suitable for a 3000-lb. passenger car, due chiefly 
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Fic. 21—DETAILS OF CONSTRUCTION OF A 3%4 AND 5-TON INTERNAL- 
GEAR DRIVE AXLB 


to the fact that the power transmitting parts are light, 
the live axle and the bevel gears not being subjected to 
the maximum torque. 

In the Russell internal-gear axle, shown in Fig. 19, a 
round axle, made from chrome-nickel bar stock, is used. 
It is heat-treated at the mill, which is claimed to give 
uniform physical properties throughout. The load- 
carrying member is behind the jackshaft, which permits 
the use of a shorter propeller-shaft. Furthermore, by 
having the jackshaft pinion in front of the wheel center 
the pressure of the driving pinions on the internal gear 
is downward, and this reduces the load on the wheel 
bearings considerably. If the pinions are behind the 
dead axle, the bearing pressures arising from the drive 
are added to those due to the static load on the wheel. 

The jackshaft housing is entirely independent of the 
load-carrying axle, and it is not rigidly bolted to it. With 
all load carriers there is some deflection due to the strain 
in the metal, especially under severe service, and it is 
claimed that by not having the jackshaft rigidly attached 
to the axle no part of the strain of the load-carrying axle 
is transmitted to the jackshaft. The jackshaft housing 
is rigidly attached at one end to the brake support and 
loosely on the other end. A certain flexibility is thereby 
obtained, when the load-carrying member is deflected 
under load or when the traction on one wheel should be 
greater than on the other, which, it is said, tends to 
prevent misalignment between the spur-gear pinion and 
the internal gear. This axle has a normal capacity of 
about 2 tons. The maximum load on both spring-pads is 
8100 Ib., which includes the portion of the weight of the 
chassis and the body resting on the spring-pads. There 
is no spacer between the inner races of the wheel bear- 





Fic. 22—A View OF THE INTERNAL-GEAR DRIVE AXLE, DETAILS OF 
WuiIcuH ARE SHOWN IN Fie. 21 
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ings, but the construction embodies the adjustment 
adopted by the Society for front-wheel bearings that 
eliminates this spacer. 

A pressed-steel cover having a felt packing on its 
periphery is mounted within the brake-drum, to exclude 
dirt from the internal gear and to prevent the gear 
lubricant from reaching the brake-band. It is attached 
to the brake support a, by bolts as shown, and is centered 
upon the wheel spacer. A felt ring is provided for the 
jackshaft outer bearing. The jackshaft pinion can be 
removed without disturbing the jackshaft. The jack- 
shaft torque-yoke shown at the right is keyed to the 
jackshaft housing and attached to the brake support at 
b,, thus carrying the entire torque reaction, for the jack- 
shaft housing is not rigidly attached at the left side. 

Fig. 20 is an illustration of the Russell 1-ton bevel- 
drive axle for trucks equipped with pneumatic tires. 
Ball bearings are used throughout, New Departure 
double-row bearings being provided in the wheels and at 
the front end of the drive-pinion shaft to take the thrust 
in both directions. The axle is built for a truck-speed of 
from 25 to 35 m.p.h. The ratio in the rear axle is 6.33 to 
1, and to give sufficient road clearance the pinion has 
only six teeth. 

Fig. 21 shows the construction of the 3% and 5-ton 
internal-gear drive axles of the White trucks illustrated 
in Fig. 22. In these axles the White Company uses one in- 
ternal brake at the rear wheels, serving as the emergency 
brake, and a foot-operated propeller-shaft service brake. 
The first reduction is obtained by spiral bevel-gears in 
the center of the axle and the second by the pinion ¢,, 
Fig. 21, which is supported by two ball bearings d, and 
splined to the axle or drive-shaft e,; this pinion meshes 
with an idler or intermediate gear f,, running on Hyatt 
roller bearings, which in turn meshes with the wheel 
ring-gear g,, which is plainly visible at the right of Fig. 
22. The joint between the wheel and axle housing is 
near the housing center at h,, Fig. 21; hence the. gears 
can run in a bath of oil with less danger of leakage than 
if there were a joint at, or near, the periphery of the 
drum. The wheels are full-floating, each wheel being 
supported by two ball bearings, i, and j,, placed a great 
distance apart to reduce the bearing pressures. 

In the internal-gear-drive axle used on the 1-ton truck 
built by the International Harvester Co., shown in Fig. 
23, the load-carrying member k, is a chrome-nickel steel 
forging having a round section like the Russell, except 
that in the center it is flattened out and curved to make 
room for the differential housing. The latter is piloted 
to the differential carrier as shown. The driving-shafts 
l are exposed between the differential housing and the 
brake-support castings which contain the spur-gear 
pinion. The internal gear is enclosed by this brake- 
support casting to which are fitted the two internal 
expanding brakes. All the bearings are of the Hyatt 
roller type with the exception of a double-row bearing 
for the internal spur-gear pinion. The lateral thrust 
against the wheel in either direction is taken by the two 
sets of thrust-washers, one of bronze placed between two 
steel washers. All the Hyatt bearings in these axles are 
of the same size, which is an advantage when repairs are 
necessary. The clearances and the drive fits of the vari- 
ous parts are noted. 

Fig. 24 gives a general view of the 1 to 114-ton Walker- 
Weiss truck axle built by the Flint Motor Axle Co. The 
first reduction is obtained in the center of the axle by a 
pair of bevel gears; the other reduction takes place at 
the outside of each wheel through a stationary ring gear 
and three pinions attached to the wheel driving-cap. This 
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Fic. 23—INTERNAL-GEAR-DRIVE AXLE USED ON a 1-TON Truck 


is said to reduce the size of the gears required. By hav- of oil. As in full-floating axles in general, the gears 
ing a plurality of pinions the tooth pressure is small as can be replaced without jacking-up the truck or re- 
compared with the single pinion drive; hence smaller moving the wheels. It is claimed that in this construc- 
gears may be employed. The main shaft, made of chrome- 
nickel steel, has attached to its outer end a gear pinion 
which meshes with three planetary or idler gears that 
are in mesh with the stationary ring-gear. When the 
shaft rotates the pinion m, at its outer end drives the 
idler gearsn, The ring-gear v,, being stationary, 
takes the reaction from the idler gears. In this man- 
ner these idler gears, which are studded to the wheel 
driving-flange p,, rotate about the studs and, since the 
ring-gear is stationary, the driving-flange will be ro- 
tated in a forward direction, the same as the drive- 
shaft. The housing, which covers the driving-shaft, 
' serves as the load-carrying member. The wheel bear- pic. 25—An Axim witH: a Rounp LoaD-CarryInc Memper Tat Is 
ings, the driving pinions and idler pinions run in a bath BENT IN THE CENTER TO CLEAR THE DIFFERENTIAL HOUSING 
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Fic. 24—A 1 TO 14%4-TON DOUBLE-REDUCTION TRUCK AXLE 
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| Fook tion the internal gears are protected absolutely from dust 
= Se. and grit and that the oil flows from one wheel to the 


other through the axle housing and the differential. 

The Clark axle, Fig. 25, employs a round load-carrying 
member, bent in the center to clear the differential hous- 
ing. In this axle the drive-shaft is in front of the load- 
carrying member; the advantages of such a construction 
have been cited before. The brake-drum contains a par- 
tition to separate it from the internal gears. Hyatt roller- 
bearings are employed to carry most of the radial load, 
while the double-row ball-bearings at the outer ends of 
the axle and at the pinion shaft are used to carry a por- ) 
tion of the radial load and to take the thrust in both di- 
rections, and thrust ball-bearings are installed behind the 
differential housing. The internal gear is attached to the 
hub by bolts passing through the gear, the brake-drum 
and the wheel spokes. 





THE DOUBLE-REDUCTION AXLE 
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The term double-reduction axle as employed today de- 
notes a two-fold reduction in the center of the rear-axle 





Fig. 26—-Cross-SEcTION THROUGH THE REAR WHEEL OF DOUBLE- 
REDUCTION AXLE 
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Fic. 28—-ASSEMBLY OF A 1% TO 2-TON DOUBLE-REDUCTION TRUCK 
AXLE } 





housing. In some of the double-reduction axles the first 
reduction is accomplished by spur gears or spiral spur 
gears, as in the White 11% to 2-ton axle, and the second 
reduction by bevel gears; while in others, like the Auto- 
car and the small Mack truck, the first reduction is by 
bevel gears and the second by spur gears. The Interna- 
tional Motor Co., which used a worm, as well as a chain, 
drive on its 114 to 2-ton model for several years, has re- 
cently abandoned the worm drive altogether and substi- 
tuted a double-reduction axle. 

The main axle-chamber is a drop-forged banjo or yoke, 
with hollow tubular ends carrying the axle shafts, as in 
the conventional live axle, with the driving members en- 
closed within the banjo yoke. The drive from the pro- 
peller-shaft is in a straight line, passing first through a 
pair of bevel and then through a pair of spur gears to the 
differential. The banjo is inclined at an angle of 45 deg., 
to be in a better position to resist road shocks, when hit- 
ting obstructions on the road, which are normally oblique 
in direction. 

Fig. 26 shows a cross-section through the rear wheel, 
while Fig. 27 shows a section through the double reduc- 
tion, including the differential; the flange g, being 
a part of the housing containing the bevel and spur 
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Fic. 27—SEcTION THROUGH THE DouBLE REDUC- 


TION OF THE SAME AXLE AS ILLUSTRATED IN ..¢ ° ° . 
Fig. 26 gears. The pinion is made integral with the rear-axle 
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pinion shaft r,; the latter drives the bevel gear keyed 
to jackshaft s,, which is integral with spur gear 
t. This spur gear meshes with the big spur or 
pull gear w,. All bearings in this axle are of the Timken 
taper-roller type; the brake-shafts have self-lubricating 
bushings. The advantages claimed for the double-reduc- 


tion axle are that its efficiency is constant throughout 





Fic. 29—A DousL_e-REDUCTION REAR-AXLE IN WHICH THE FIRST 
REDUCTION Is BY BEVEL GEARS AND THE SECOND BY SPUR GEARS 


speed and load ranges and wear and that it is more dur- 
able than the worm and the internal-gear drives and, like 
the worm drive, free from dust. 

Another example of a double-reduction model is the 
White 11% to 2-ton truck axle, an assembly of which is 
shown in Fig. 28. The first reduction is obtained by 
spiral spur-gears, the drive coming through the pinion 
countershaft v,, with which the spur gear is made inte- 
gral, the latter meshing with spiral spur gear w,. This 
gear is keyed to the hub of the bevel pinion z,, which 
meshes with the bevel driving gear y,. The axle or drive 
shaft z, is semi-floating, the wheel being supported by ball 
bearing 4.,,. 











Fic. 30—A Dovusie-REDUCTION REAR-AXLE IN WHICH ALL THE 
Gears ARB ASSEMBLED ON THE FRONT COVER 
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Fic. 31—SECTIONAL VIEw THROUGH THB TRANSMISSION AND JACK 
SHAFT OF A CHAIN-DRIVEN TRUCK 


Figs. 29 and 30 show the double-reduction rear axle 
used on the Autocar truck. In this axle the first reduc- 
tion is by bevel gears, and the second reduction by spur 
gears. All the gears are assembled on the front cover, 
shown in Fig. 30, while, for inspection and adjustment, a 
cover-plate can be removed from the back of the axle 
housing. 

The pinion shaft A is mounted on two taper roller- 
bearings, which can be adjusted by the two nuts B. The 
pinion shaft and bearings are all mounted in a separate 
case C attached to the front cover. The front end of the 
pinion shaft is splined. A bevel pinion is pressed on this 





Fic. 32—A SIDE VIEW OF THE ASSEMBLY OF THE CHAIN-DRIVEN AXLE 
ILLUSTRATED IN Fie, 31 


and is held in place by a nut and washer. This bevel 
pinion meshes with the bevel gear on the jackshaft which 
forms a unit with the small spur gear D, Fig. 29, which 
in turn meshes with the differential spur ring-gear EZ. 

By removing plug F, Fig. 30, the adjustment of the 
bevel gears, when the cover assembly is in the axle hous- 
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Fic. 33—-Cross-SECTION AND SIDE ELEVATION SHOWING THE LOCATION OF THE EMERGENCY BRAKES IN THE 
REAR WHEELS 


ing, can be examined. The spur gears are located on 
fixed centers of the casting, into which adjustable bear- 
ings are mounted. The whole front cover, with the ex- 
ception of the bridge G on the pinion shaft case C, is a 
single casting; this bridge is used as a clamp to hold 
the bearing adjusters and retainers in position. By em- 
ploying spur gears between the jackshaft and the differ- 
ential ring-gear there is no side-thrust against the ring- 
gear. The axle is of the full-floating type. The wheel is 
mounted upon the tube that carries the wheel bearings. 
This tube is pressed into the axle housing under heavy 
pressure and then held in place by set-screws. In the 
event of any accident, this tube will sustain the damage 
rather than the axle housing and can be replaced at com- 
paratively low cost. In the heavy-duty trucks the axle 
casings are of square section, and the tubes are pressed 
all the way through the casing into a web, close to the 
differential gears, thus reinforcing the casing. 


EXAMPLES OF CHAIN FINAL DRIVES 


Fig. 31 is a sectional view through the transmission 
and jackshaft of the Mack chain-driven truck. This type 
of drive is used by the International Motor Co. on all of 
its heavier models. As may be noted from the drawing, 
the transmission case is bolted to the jackshaft case as is 
shown more clearly in Fig. 32, which is a side view of the 
assembly, b, being a section through the jackshaft. The 
live jackshafts are made of nickel-alloy steel and are 134 
in. in diameter. 

The entire transmission and the differential in the 
jackshaft housing are supported on Timken roller-bear- 
ings, with the exception of the self-aligning S.K.F. pilot 


bearing in the pinion gear and the ball bearings at the 
outer ends of the shafts. The service brake-drum hubs 
are keyed to the outer tapered ends of the shafts and the 
driving sprockets c:, Fig. 31, are bolted to these hubs. 
The service brakes on the drum d, are of the external 
contracting type, 5 in. in diameter and 3 in. wide. The 
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Fic. 34—-DETAIL OF THE RECTANGULAR REAR-AXLE OF a 5-TON 
CHAIN-DRIVEN TRUCK 


emergency brakes are located in the rear wheels (see Fig. 
33) and are 20 in. in diameter and 3% in. wide. 

The wheels are of the full-floating type and the drive 
is through a radius-rod e, which also performs the func- 
tions of a torque and thrust-rod. The rear end of the 
rod is fastened to the brake supports by rivets f,. This 
rod is provided with a ball-and-socket joint at its front 
end. The large sprockets g, are integral with the brake- 
drum of the rear wheels. In chain-driven axles the rear 
axle is simply a load-carrying member or dead axle. A 
detail of this axle as used on the 5-ton model is given in 
Fig. 34, showing this axle to be of rectangular section, 
434 in. deep and 2% in. wide. 


WINTER TESTS SHOW LOWER MILEAGE WITH HEAVY FUELS 


N the paper with the above title that was presented at 
the recent Semi-Annual Meeting by Dr. H. C. Dickinson 
and John A. C. Warner and that was printed in the July 
issue of THE JOURNAL a typographical error was made in 
giving the increase in the average fuel-consumption in the 


fourth line of the second column on p. 91. As printed the 
statement was made that “Under winter conditions there is 
a small but definite increase in average fuel-consumption of 
about 30 per cent.” This figure should be 3 per cent, as 
would be perfectly obvious from the context. 








CLEVELAND SECTION VISITS CANTON 


Members Inspect Roller Bearing Factory and Enjoy 
Afternoon of Sports 


It was a heyday in Canton on July 13. Despite the age- 
worn prejudice set up against Friday the 13th by those 
addicted to superstition, some 65 members of the Cleveland 
Section of the Society gathered in the village made famous 
by tapered rollers to disport themselves as the guests of 
H. H. Timken and his diminutive supporters, Porter and 
Buckwalter. John Younger writes that “only a schoolgirl 
with a rich choice and selection of adjectives could do justice 
to the party,” and we have no reason to question the veracity 
of Cleveland’s energetic chairman. 

The morning was spent in making a very thorough in- 
spection of the Timken Roller Bearing Co.’s plant, the party 
being escorted by guides who had been schooled to explain 
manufacturing operations to the minutest detail. The Tim- 
ken factory is unique in that it houses under one roof all 
of the operations necessary to the production of anti-friction 
bearings from nature’s basic materials. The members were 
enabled to see the production of molten steel, the pouring 
of the ingots, and the rolling of the blooms. The manu- 
facture of tubing, bar-stock and wire proved to be intensely 
interesting. Every step in the fabrication of finished bear- 
ings was explained to the visitors. The inspection was con- 
cluded with a visit to the departments where the hardening, 
the grinding and the final assembly were carried on. All 
agreed that the Timken factory represented the last word in 
efficiency and presented a highly interesting show place be- 
cause of the great diversity and comprehensiveness of the 
operations carried on within its walls. 

Following the inspection, the members partook of a Tim- 
ken lunch and adjourned to the shores of Canton’s famous 
Congress Lake. Here the party split into three sections; 
the followers of Gene Sarazen’s pet diversion hied them- 
selves to number one tee; students of Izaak Walton rippled 
the placid waters with hook and sinker, and the wakeful ones 
of the remaining assembly disported themselves in heated 
contests of brain and brawn. Prizes were given to the win- 
ners of the numerous events, and the struggle for these em- 
bittered the combatants to a state of teeth-gnashing. The 
tug-of-war setting was devised by some engineer with a 
creative mind and a respect for action. The rope was 
stretched across a narrow creek whose banks were of about 
the same consistency as 600 W. The opposing teams battled 
to see which one would have the privilege of negotiating the 
ford, truly an enticing reward. The canoe-tilting event re- 
flected exceptionally intimate knowledge of modern naval 
tactics on the part of the participants. Dr. Georg Made- 
lung, bird of the air, proved to be accomplished in submarine 
conduct also; the Armstrong brothers, in deference to their 
name, proved the value of teamwork in the tilting event. 

The prize fish of the day was captured by W. H. Lolley 
after a hard tussle. Proud of its single ounce of weight, 
this diminutive representative of Canton’s finnish populace 
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TUNING UP FOR THE Boat RACES ON CONGRESS LAKE 


met its master and succumbed. Stuart Cowan sank the 
winning putt on the eighteenth green and Ernest Wooler 
sported the healthiest drive ifthe golf events. B. H. Blair 
drew the violet ribbon for his all-round efficiency in the 
athletic contests. His victory in the shot-put was made 
possible by the barring of “Tiny” Buckwalter because of 
the latter’s affiliation with the Timken clan, which was act- 
ing as host of the day. 

The completion of the sports events found the majority 
of the contestants completely deenergized and possessed of 
the proverbial appetite of the small boy. Though less active 
in body, the spectators likewise had become exhausted from 
the violent exertions demanded by boisterous mirth during 
the afternoon’s carnival. The three units of the party were 
reassembled at eventide and appeased their respective hun- 
gers at the Timken board. The gathering was addressed 
briefly by H. H. Timken, who had proved to be himself an 
able host. He related how years ago he had journeyed to 
New York City to hire an engineer and had returned with 
Herbert W. Alden, president of the Society, to whom he was 
forced to pay more than he, Timken himself, was getting. 
The prizes were awarded to the victors of the day, songs 
were sung and a weary but happy group of engineers re- 
turned to their respective havens. 

The Cleveland Section is carrying its active program of 
meetings through the summer season, specializing in in- 
structive inspection trips through representative automotive 
manufacturing plants. The next visit will be made to the 
factory of the Firestone Tire & Rubber Co. in Akron during 
the month of August. Full particulars of the meeting ar- 
rangements can be secured from L. L. Williams, secretary of 


the Section, who may be addressed at 1051 Lakeview Road, 
Cleveland. 
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Tendencies in High-Speed Marine- 


Engine 





By J. G. Vincent! 





M. Woolson a general discussion was had by those 

present. In every case an effort has been made to 
have the speakers go over their, remarks before publica- 
tion in accordance with the customary practice of the 
Society. For the convenience of the members a brief 
abstract of the paper precedes the discussion with a ref- 
erence to the isste of THE JOURNAL in which the paper 
appeared so that members who desire to refer to the 
complete text as originally printed and the illustrations 
that appeared in connection therewith can do so with a 
minimum of effort. 


| QOLLOWING the presentation of this paper by L. 


ABSTRACT 


be this paper there are discussed the general require- 
ments of a comparatively new type of marine engine, 
that is, the high-speed type. The need for light weight 
is discussed and it is pointed out that aircraft-engine 
design has established a good precedent to follow, par- 
ticularly with reference to crankshaft, connecting-rod, 
piston, cylinder and valve design. 

Detailed discussion then follows concerning the re- 
quirements of this type of engine in respect to cooling, 
lubrication, starting, idling.and general operation. The 
equipment to be furnish ith the engine is covered in 
a general way and the installation requirements are 
touched upon.—[Printed in the March issue of THE 
JOURNAL. | 

THE DISCUSSION 


LEONARD OCHTMAN, JR.:—lIn any consideration of air- 
craft engines as applied to marine practice, we should 
take into account the fact that there are three supreme 
requirements for an aircraft engine; light weight, high 
power and minimum fuel-consumption. Those are de- 
sirable characteristics for a marine engine, but they can- 
not always be obtained because light-weight construction 
usually is at the expense of great reliability; also, it is 
very expensive on account of the extra machine work that 
must be done. 

L. M. WOOoLSON :—Reliability is a very pertinent fac- 
tor that should have been covered. When first designed, 
the Liberty engine was required to go through a 50-hr. 
test, a test considered extremely severe; very few air- 
craft engines would go through a 50-hr. test at that time. 
We have progressed and the Navy is to be commended for 
its stand in taking-on all its aircraft engines only after 
a 300-hr. test. I believe the present automobile-engine 
record-test is 500 hr. Hence the aircraft engine is as 
reliable as the automobile engine. We tested an engine 
for the Navy and, at the end of 300 hr. that engine was 
practically as good as new. It developed something like 
250 b. hp. during that test. It was dismantled and re- 
assembled and the only work done was in regrinding the 
valves. How many strictly marine engines would go 
through that test without trouble, and how many would 
do anything like as well as this so-called light-weight air- 
craft-engine? 





1M.S.A.E.—Vice-President in charge of engineering, Packard 
Motor Car Co., Detroit. 
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I take issue with the thought that, in a marine engine, 
the lack of weight means a lack of reliability. In some 
late Navy work, it has been shown that there is no con- 
nection between light weight and reliability. We are now 
laying down an engine some 200 lb. lighter than the 
Liberty engine, but it develops more power, is far more 
compact and has far lower stresses in all the main parts 
such as the connecting-rods, the bearings and all the parts 
that count. It is just a matter of studying where the 
weight should be put. The cylinder on this engine is of 
51g-in. bore; the weight of the cylinder is 9 lb. The only 
way we are able to get these high mean-effective pres- 
sures is by keeping the exhaust-valves very well cooled. 
I think everybody admits that it is practically impossible 
to cool an exhaust-valve that is seated on a thick cast-iron 
wall as well as one seated on a light steel-wall. It has 
been recognized that we cannot get this super perform- 
ance and light weight at anything like the same expense 
that we can build the heavier engine; on the other hand, 
we must also recognize that the high-speed express- 
cruiser, for which these engines are intended, is essen- 
tially a rich man’s hobby and must always be so. 

Mr. OCHTMAN :—It undoubtedly is true that aircraft- 
engine design has gone far ahead of that of any other 
type of engine within the past few years, and much can 
be learned from it as regards engine performance, such 
as power output and economy, and its reliability while 
retaining the light weight. 

CHRIS SMITH:—I am an aviation-engine man and be- 
lieve that there is much difference between a good avia- 
tion engine and a good marine engine. I am satisfied 
that the light, properly constructed aviation-engine will 
outwear any marine engine we have ever made. The 
marine engine man has not had the money with which to 
experiment. A moderate sized factory could produce all 
the marine engines made; consequently, the income from 
them has been limited. 

The difference between the cast-iron and the steel con- 
necting-rod lies in the weight, and yet the light rod can 
stand the gaff. If I were searching for reliability, I 
would choose the aviation engine. The engine is one part 
of the proposition and the boat is the other; the model 
of the boat must be very accurate. We used four Liberty 
engines in Miss America. She showed a little weakness 
along the forward keel the day before the races, and two 
6-ft. lengths of sheet hard brass, 4 in. wide and 3/16 in. 
thick, were screwed to the bottom of the boat to stiffen 
the keel, where the stresses were coming. They cham- 
fered the forward end of the brass and carried it back to 
the step. They took the boat out and could not keep her 
in the water. Afterward, they let the brass extend 3/16 
in. into the wood to eliminate that rough edge and it 
worked all right. Much depends on the construction in 
getting a boat to perform just right. 

W. C. WARE:—Engines that run more than 1400 r.p.m. 
are hardly in our class. Some of the marine-engine 
builders seem to think they have found a necessity for 
oil cooling even at that speed but, after conducting many 
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experiments we find we can do without it very nicely. We 
keep our oil-temperature down around 115 deg. fahr. 
without any difficulty. No trouble from very poor ven- 
tilation in engine compartments has been encountered. 
We have found a 30-deg. fahr. lower oil-temperature dur- 
ing the boat test than on the regular block-test which 
proves pretty well that good ventilation can be obtained 
in engine compartments. In reference to reverse gears, 
we are strongly of the belief that manufacturers should 
design reversing gears that can be flanged on to the rear 
end of the crankshaft. This does not mean much to 
manufacturers because they can put the present type of 
gear on without difficulty, but the man who has to take a 
reverse gear off “out in the woods” without proper gear 
pullers has a serious job on his hands. 

CHAIRMAN L. C. HILL:—The matter of accessibility in 
marine-engine design is very important. In looking over 
some of the designs in the motorboat show, I find numer- 
ous cases where accessories such as starting and lighting 
generators cannot be removed without taking off many 
other parts on the boat or the engine. A few of the more 
progressive builders are adopting removable cylinder- 
heads. The average marine engine in the cock-pit of a 
boat is in about the most inaccessible position possible; 
it is certainly much easier to clean, grind valves and the 
like with the removable head and that should have been 
recognized in the motorboat field long ago. Accessibility 
may not be so important in boats using high-speed avia- 
tion-engines, because those people have plenty of me- 
chanics and they usually lift the engine out of the boat 
to make major repairs. I have noticed boats with the oil 
coolers attached to the bottom of the crankcase. That 
necessitates the complete removal of the engine from the 
boat if there is ever any trouble due to any clogging up 
of the oil-cooling apparatus. Another example I have 
seen repeatedly is the installation of an engine with ac- 
cessories mounted over the lag-screw holes in the crank- 
case flanges. That must be remedied. It is often im- 
possible to get a lag screw of proper length into the space 
that is allowed between the bottom of the cylindrical gen- 
erator and the hole in the crankcase flange. 

H. L. BROWNBACK :—Many engines have oil gages in 
very inaccessible places so that, when a man fills the en- 
gine with oil, he cannot tell how much oil he has. In one 
case we have drilled through one of the studs going from 
the cylinder-heads down through the main-bearing caps 
to the sump and put a float and a rod with a little red 
ball on top so the man can see what the oil level is. 

GEORGE W. WESLEY :—The reverse-gear manufacturers 
are absolutely confined by a cast-iron fence. They have 
a compartment on the rear end of the engine. If we 
consider making the least change or improvement, we 
have to go all over the basic plans of every manufacturer 
that we are selling and keep within that fence; some- 
times there is less than 14-in clearance. The reverse-gear 
manufacturer has to make a product that can be sold com- 
mercially and to the largest number of engineers. “When 
it gets down to making a special job for each one, it will 
make the expense too great. We are confined by the 
price and the cast-iron fence that the engine builder puts 
around the rear end. The reverse gear has to be manu- 
factured to be commercially practical, but if we make any 
changes, those changes have to take into consideration 
every engine factory that we are selling. We have had 
discussions on changes that lasted for hours. We prob- 
ably have from 75 to 100 different designs for reverse 
gears in our office. Some of them we consider ideal, but 
when we endeavor to provide each engine builder with a 
reverse gear that will meet his requirements, we are up 
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against a pretty stiff proposition; so, we have to satisfy 
the majority of cases and not individual ones. If we 
make a change, that change must be such that it can go 
into every compartment of every engine builder we are 
selling. 

CHAIRMAN HILL:—The motorboat industry has not ap- 
preciated that any clutch and any transmission will fit the 
rear end of any engine in an automobile or motor truck 
today because S. A. E. Standards are followed. The 
Society has endeavored many times to bring about such 
standardization in the motorboat field. It will save an 
immense amount of work, not only in the engine con- 
struction itself, but in the mounting of electrical starters, 
generators, clutches, reverse gears and other detachable 
units. The Society is ready to apply standardization to 
the motorboat field at any time the industry will join 
with us in establishing such standards and, moreover, will 
use them when once formulated. 

Mr. WESLEY :—Formerly, in our gear works, we built 
a different brake band and different after-bearing; the 
base would vary from 1 in. above the central line of the 
shaft to 1 in. below. We have been working on the elim- 
ination of different parts so that practically every brake 
band and after-bearing would be on the central line of 
the shaft; now, practically all of them were on that basis. 
if we can get the other standardization that we have been 
working on ourselves, and if the Society will influence 
the engine builders along the same line, much benefit for 
everybody will result. 

Mr. WARE:—The gear manufacturers are fairly close 
together now and very little work is needed to standard- 
ize them further so that a number of different gears 
could be dropped into the same case. We have looked 
into this very carefully in the last 2 years. The gears 
are fairly well standardized now for lengths and diam- 
eters; the main difficulty lies in the position of the cross- 
shaft bearing, that is the shaft which controls the 
clutches. When standardized in the manufacture of a 
gear-case cover that carries this cross-shaft bearing, it 
cannot be changed even \%-in. without spending a con- 
siderable sum of money on patterns and fixtures. It 
would seem to us that the reverse-gear manufacturers 
should get together with a view to keeping their new 
equipment interchangeable with one another. 

Chairman Hill is right in saying that there should be 
more motorboat standardization. Our company stands 
ready to do anything it can along this line. It is highly 
desirable. We use the S. A. E. Standards in every pos- 
sible way and many a design is thrown out because it is 
not adaptable to them. 

COMMANDER S. M. KRAUS:—We have had cases where 
a single ship of the Navy was supplied with power boats 
that had engines of five different types and ignition ap- 
paratus of seven or eight different types. Where some 
of the engines were of the same manufacture but of dif- 
ferent model with different ignition apparatus, it thus 
became necessary to carry spare parts for about three or 
four times as many engines as we should have. The re- 
sult was that the Department has felt that it was almost 
impossible to buy its power-boat equipment in the open 
market. We do not want to build it, but we cannot keep 
it running if we have so many different kinds. I think 
that nothing would be more important to the industry 
than to standardize, although the standards should not 
be too rigid. 

In reference to the relative cost of the light-weight and 
the medium-weight engines, sooner or later we will find 
that there is a field for the application of marine engines 
where the higher price of the light-weight engine will be 
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fully compensated for by the economy, not only due to 
the lower cost of operation, but also because much of that 
cost will be taken right out of the boat. When we really 
come to using marine engines in boats of long-distance 
cruising radius, I think we will find that we can very 
easily afford to pay the higher price that goes with the 
lighter-weight construction. I believe that the higher 
prices will be reduced materially in the future. Manu- 
facturers will build either a smaller or a more accessible 
boat or one that has additional features that will sell the 
boat and its equipment to the owner who wants a pleas- 
ure boat or to the owner who wants a working boat, be- 
cause those extra facilities will render the boat useful 
for a service that we otherwise do not attempt with the 
relatively small marine engine. We found that to be true 
in many directions in naval vessels. 

Today, in cargo and passenger ships using internal- 
combustion engines, there is considerable reluctance to 
compare them with the cost of Diesel and other power- 
plants. Many have overlooked the chief difference and 
have compared the ships and their powerplants, ship for 
ship, but with different powerplants. I think the same 
situation will be found in the class of power boats and 
marine engines in which you are interested. Freight 
and passenger-steamship owners are discovering today 
that they must not compare a vessel of certain dimensions 
that is designed for one kind of power with the same size 
of vessel equipped with another type of power. You can 
build a radically different boat, get a very radically dif- 
ferent service, apply it to radically different purposes 
and incur great additional expense, but with superior 
economy that you can build into the boat at the same 
time. I believe superior economy would cost nothing. 

A. D. T. Lipspy:—I saw an engine at the Chicago auto- 
mobile show that is, to my mind, the coming engine, not 
only in the marine field but in the farm-tractor field and 
in the automobile field itself. It answers many of the 
criticisms that have been directed toward the Diesel type 


of engine, one of which is that the Diesel engine is very 
heavy with respect to the amount of horsepower deliy- 
ered. This new engine is of the semi-Diesel type and 
does away with many of the objectionable features of the 
Diesel engine, such as the air compressor and the air 
coolers, and the weight is very much less, comparatively 
speaking. I believe that it would be lighter than our 
present automobile engines for the horsepower delivered. 
The builder claims that this little engine will consume as 
little as 0.4 Ib. of fuel per b.hp-hr., an enormous advan- 
tage; it is, therefore, an engine light in weight and high 
in fuel economy. None of the difficulties that Mr. Wool- 
son mentioned with reference to carbureter and ignition 
troubles are encountered in this engine because it uses no 
carbureter and has no ignition system because it is of the 
high-compression type. 

CHAIRMAN HILL:—It may straighten out a misappre- 
hension held by some people to say that the Society’s 
standardization work does not mean standardization to 
the point of telling a man what bore and stroke an engine 
should have, what type of water-jacket or any similar 
matter of design. The S. A. E. Standards relate princi- 
pally to dimensions resulting in interchangeability. 

J. G. VINCENT:—I believe our chairman, Mr. Hill, 
touched on a very important point when he compared the 
automobile industry with the motorboat industry in re- 
spect to interchangeability as a result of following stand- 
ards. As very few of the marine engine builders manu- 
facture their own reverse gears it would be a matter of 
great convenience and represent an important economic 
advantage if different makes of reverse gear could be 
applied to the same engine with no change in the reverse- 
gear housing and other important mounting dimensions. 
I would heartily indorse any such move toward standard- 
ization of this kind and would be glad to submit drawings 
of our own engines to representative reverse-gear manu- 
facturers and any Society committee that may be formed 
to handle this subject. 





DIRECT DETERMINATION OF DEW-POINTS OF 
GASOLINE-AIR MIXTURES 


METHOD of determining directly the dew-points of gaso- 
- line-air mixtures in the proportions required for use in 
internal-combustion engines has been devised by W. A. Gruse’ 
and was presented to the division of petroleum chemistry of 
the American Chemical Society, in a paper read: before that 
society at New Haven, Conn., on April 5, 1923. It is based 
on a belief in the fundamental significance of the dew-point 
of a gasoline-air mixture and consists of blowing a fuel mix- 
ture of known composition against an internally cooled 
metallic mirror and observing the temperature at which dew 
is formed. 

A detailed description was given of the apparatus used in 
making the determinations and the results obtained were 
compared with those secured by R. E. Wilson and D. P. Bar- 
nard, 4th, by their method of equilibrium mixtures in tests 
previously reported by them.’ 


1 Industrial fellow, Mellon Institute of Industrial Research, Uni- 


versity of Pittsburgh, Pittsburgh. 


*See THE JOURNAL, November, 1921, p. 312; January, 1922, p. 65; 


and March, 1923, p. 287. 


The distillation curves of 
three commercial fuels bought in the open market at Pitts- 
burgh were studied, their dew-points were investigated and 
the effects of adding 1 and 2 per cent of kerosene were ob- 
served with a view to determining the sensitiveness of the 
dew-point in the presence of small amounts of heavy ends. 
Increases of from 4 to 6 deg. in the temperature at which 


dew formed were noted with practically all of these fuels. 

A direct determination of the dew-point of samples of the 
same fuels used and offered for test by Wilson and Barnard 
showed that their figures are approximately 20 deg. lower 
than those determined directly and that the change in the 
dew-point corresponding to a change from a 12 to 1 toa 15 
to 1 mixture is of the order of 7 or 8 deg. when measured 
directly, whereas Wilson and Barnard in their tests pre- 
viously referred to found a uniform variation of approxi- 
mately 4 or 5 deg. for a number of different fuels. 

A comparison of the figures for a second group of fuels 
shows that the direct determination gives dew-points that 
are higher in all cases than those arrived at by the equi- 
librium mixture. The direct method is said to embody the 
following features: (a) the apparatus can be constructed 
in an ordinary laboratory and machine shop; (6) with a little 
practice the dew-points can be read with fair accuracy and 
reproducibility; (c) it is believed to be sufficiently direct to 
be free from large errors; and (d) it applies to volatile fuels 
of any nature. It is offered tentatively as suitable for the 
direct determination of the “effective” volatility of motor- 
fuels with the idea that it may be useful in studying speci- 
fications and blending operations and for the control of other 
methods of evaluation. 

The paper will be published in full in the August issue of 
the Industrial and Engineering Chemistry. 
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Research Topics and Suggestions 


HE Research Department plans to present under this heading each month a topic that is pertinent to the 

general field of automotive research, and is either of special interest to some group of the Society member- 
ship or related to some particularly urgent problem of the industry. Since the object of the department is to act 
as a clearing-house for research information, we shall be pleased to receive the comments of members regarding 
the topics so presented, and their suggestions as to what might be of interest in this connection. 


MOTION AND FORCES BETWEEN WHEEL 
AND ROAD 


HE subject of the so-called impact forces between the 

wheel and the road has been widely discussed of late and 
the results of experimental measurements have been pub- 
lished particularly by the Bureau of Public Roads. The sub- 
ject, however, still seems to be rather an indefinite one in the 
minds of most engineers. 

It is recognized in a general way that the tire character- 
istics, the speed and the ratio of the sprung to the unsprung 
weight are of prime importance, but just what relation they 
bear to the effect produced on the road by the vehicle seems 
not to have been very clearly analyzed. However, some 
phases of this problem are capable of definite mathematical 
expression and others can be stated approximately in mathe- 
matical terms. 

One of the simplest cases of impact occurs when one or 
both wheels of a vehicle either drop from an obstruction or 
are projected into the air by going over an obstruction and 
then return to the road. General equations can be written 
which are applicable both to this and to other sorts of im- 
pact forces as well. 

In considering this problem it is necessary first to clear up 
one point that is not always appreciated. This is the distinc- 
tion between the total energy of an impact blow and the 
maximum force produced by it. When the blow is cushioned 
by a tire there is no fixed numerical relation between the two. 
The total energy is determined by the sprung and the un- 
sprung weight and the spring constant for a given height 
of drop, while the maximum force depends upon the tire. It 
is the latter element alone that is of importance so far as the 
vehicle is concerned, and we believe of major importance 
also as regards the effect on the road. 

The actions treated mathematically in a paper to be pre- 
sented in the September issue of THE JOURNAL may be de- 
scribed briefly as follows: Consider the body and the axle at 
rest so far as vertical motions are concerned, with the springs 
under deflection carrying the load, as when traveling on a 
level road. The wheels are then allowed to drop freely for 
a specified distance as by running rapidly off an obstruction. 
The wheels are projected downward by gravity plus the 
force exerted by the springs. They therefore acquire a cer- 
tain downward velocity and consequently an amount of kin- 
etic energy equal to 4% mv’ which is the total energy trans- 
mitted to the road by the wheels for this particular drop, 
and would be the same for pneumatic, solid or steel tires, ex- 
cept for a small difference readily accounted for. 


The maximum force or load produced which represents the 
maximum load imposed on the road and on the axle itself, 
however, depends entirely upon the distance in which and 
rate at which this amount of energy is transmitted to the 
road; in other words, it depends upon the total depression 
of the tire from the instant it strikes the road to the instant 
of greatest depression. This total force is the sum of (a) 
the impulsive force represented by the maximum rate of 
deceleration of the wheels which coincides practically at least 
with the maximum tire depression, (b) the weight of the 
axle, and (c) the static force applied by the springs at this 
instant. Therefore, if it is assumed that the depression of 
the tires is the same under impact as when measured static- 
ally the maximum force can be calculated from the known 
static depression curve of the tire. The extent to which this 
assumption is justified has not been determined definitely but 
we believe it is qualitatively correct and that the conclusions 
which can be drawn from the results of the forthcoming 
paper may be of value as a guide to the relative effect of the 
tire deflection, the height of the drop and the relation of the 
sprung and the unsprung weight on the maximum forces to 
which wheels and axles as well as roads are subjected by this 
type of impact. 

To illustrate the application of the results of the analysis 
as it will appear next month, if it is assumed, for example, 
that the height of fall from an onstruction is 3 in. the time 
of fall is found to be approximately 0.060 sec. and 0.075 sec. 
for ratios of sprung to unsprung weights of 4 and 2 respec- 
tively; in these cases a constant spring deflection of 4 in. 
under the weight of the sprung mass and a constant total 
weight are assumed. It is also found that the velocity of im- 
pact of the unsprung mass is 6.84 ft. per sec. for the first 
case and 5.35 ft. per sec. for the second; the kinetic energy is 
4690 ft.-poundals for the first ratio of 4, and 4770 ft.-pound- 
als for the second ratio of 2, while the impact forces are 
2480 and 2590 lb. for the respective cases. Again keeping 
all conditions the same, except the tires, and using a ratio 
of sprung to unsprung weight of 4, the forces are 2050 Ib. 
for the low-pressure pneumatic tires and 2480 lb. for the 
high-pressure pneumatic tires. 

Thus the change of impact force due to the change in tires 
is about 25 per cent while that occasioned by doubling the 
ratio of the sprung to the unsprung weight is only about 4 
per cent. Changes in the type of tire have more influence on 
the impact force than changes in the weight ratio. 





OBITUARY 


JAMES FREDERIC BOURQUIN, vice-president and general man- 
ager of the Continental Motors Corporation, Detroit, and for 
years an outstanding figure in Detroit’s automobile industry, 
died, July 1, 1923, in a hospital in that city, following an 
operation for appendicitis, at the age of 45 years. He was 
born, April 9, 1878, at Detroit and, following his public and 
high school education, entered the University of Michigan 
from which he was graduated in 1904 with the degree of 
Bachelor of Science. 

Mr. Bourquin’s practical experience began in the experi- 
mental department of the Old’s Motor Works, Lansing, Mich., 
in 1904, and was continued progressively until 1910 with this 
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and other companies in capacities as draftsman, foreman, 
inspector, assistant superintendent and superintendent of 
manufacturing, the last being with the Chalmers Motor Co. 
He was active in organizing the Liberty Motor Car Co. and 
also contributed largely to the development of the Paige- 
Detroit Motor Car Co., both of Detroit; in 1911 he was gen- 
eral manager of the latter company. 

‘Among the clubs to which he devoted time and enthusiasm 
were the Detroit Athletic Club and the Detroit Yacht Club. 
Also, he was a member of several clubs in Ann Arbor, Mich.., 
and was an ardent Knight Templar. He was elected to 
Member grade in the Society, Jan. 30, 1911. 
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SPARK-ADVANCE IN COMBUSTION ENGINES 


(Concluded from p. 121) 








Temperature of Exhaust, deg.fahr 





Intake Suction, in.of mercury 
Fic. 17—CuRVES SHOWING THE RELATION BETWEEN THE TEMPERATURE 
OF THE EXHAUST AND THE INTAKE SUCTION OR LOAD IN A CONTI- 
NENTAL SIX-CYLINDER ENGINE 


The fairing of the data is done in Fig. 17; Fig. 18 is 
only a replotting of the faired lines of Fig. 17, with the 
variables exchanged. 

We repeated on the Continental engine the findings on 
the Ford; that for all practical purposes the optimum 
spark-advance can be represented as the sum of two func- 
tions, one a function of speed only, the other a function 
of intake suction only. This follows from the fact that 
the curves in Fig. 15 are substantially parallel; the in- 
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Fic. 18—Curves SHOWING THE RELATION BETWEEN THE TEMPERA- 
TURE OF THE EXHAUST AND THE SPEED OF A CONTINENTAL SIx- 
CYLINDER ENGINE FOR DIFFERENT CONSTANT INTAKE-SUCTIONS OR 
LOADS 
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crease of the spark-advance for a change of the intake 
suction at a constant speed is shown in the lower curve 
that is marked intake-suction effect, in Fig. 15. An ap. 
proximate empirical equation for this intake-suction 
effect is a= 18 (p./P;i). For the Ford engine the cor- 
responding equation is a = 13 (p,/Pi); the effect is less, 
probably, because the dilution at a zero intake-suction is 
larger in the lower-compression engine. 

The power losses from improper spark-advance and the 
economy losses in proportion are clearly indicated in 
Figs. 11 to 14. It seems, in view of these curves, that 
automatic spark-control by mechanically adding the two 
separate advances for speed and for intake suction would 
justify itself in improved power, economy and flexibility 
of engine performance. There would still be need of 
some hand adjustment to take care of a cold engine and 
of a dirty engine; but with the engine warmed up and a 
setting made for its internal condition all the spark- 
control needed to take care of the load and the speed 
variation would be automatic and would be done as now 
it is not. It would also be easy to take care of altitude 
effects by changing the linkage on the automatic spark- 
control on the intake-suction side; this would be neces- 
sary because of the greater dilution with exhaust gas at 
high altitudes for the same intake-suctions. The auto- 
matic device would be controlled by pressure differences, 
whereas the function it controls is really a consequence 
of pressure ratios; p,— P; could be substituted in the 
mechanism for p,/P;. 

In a scientific analysis of that component of spark- 
advance due to dilution with exhaust gas we need to find 
whether it is a matter of volumetric or of mass dilution, 
and whether in computing the dilution we must figure 
the re-expansion of the exhaust gases in the suction 
stroke as adiabatic or isothermal. It was to get data 
for this study that the readings of the exhaust tempera- 
tures in Figs. 11 to 14 and in Figs. 17 and 18 were taken. 
In previously discussing the dilution matter in this paper 
the formulas for the dilution-ratios have been derived 
and the probable result has been predicted that the spark- 
advance due to dilution will be found to be an exponential 
function of the mass-dilution ratio. 


The volumetric-dilution ratio of the total gas to 


the new charge in the cylinder is 1 + (pe/Pi)’” 
[r— (pe/P;)'”|; the weight-dilution ratio is 1+ 
((Ti/Te| (pe/Pil/[r — (pe/Pi)*”]. In these formulas 


r is the compression-ratio, 4.55 for the Continental en- 
gine; y is the ratio of the specific-heats, 1.33 for adia- 
batic and 1.00 for isothermal expansion; 1/y = 0.75 or 
1.00; T; and T, are the absolute temperatures in the in- 
take and the exhaust manifolds; T; is taken as 100 + 460 
560 deg. fahr.; absolute, because of the “hot-spotting” 
of the manifold; p, and P; are the absolute pressures in 
the exhaust and intake manifolds. In calculations pe 
was taken as 29.4 in. of mercury and P; as (p,—S),S 
being the intake suction in inches of mercury. Toward 
full throttle, the variation of the dilution with p,/Pi is 
slow; at closed throttle the exhaust back-pressure is 
negligible; hence the use of the barometric pressure di- 
vided by the difference between the barometer and the 
intake-suction readings for p,/P; causes little error in 
the calculations. The calculated volumetric and mass- 
dilution ratios for the Continental engine are tabulated 
in Table 4. 
With the values of the volumetric and the mass-dilu- 
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TABLE 4—CALCULATED VOLUMETRIC AND MASS-DILUTION RATIOS FOR A SIX-CYLINDER CONTINENTAL ENGINE 


Intake Intake Volumetric Dilution Ratios 
Suction Pressure eS 1 RE 
S P, pe/P, Adiabatic Isothermal 
0 29.4 1.000 1.28 1.28 
5 24.4 1.206 1.34 1.36 
10 19.4 1.516 1.43 1.50 
15 14.4 2.042 1.60 1.81 
20 9.4 3.127 2.07 3.20 
22 ¢ 7.4 3.975 2.62 7.92 





tion ratios in Table 4, and the optimum spark-advances 
from the faired curves in Figs. 15 and 16, curves of 
spark-advance against dilution-ratios for constant speeds 
have been plotted in Fig. 19 on logarithmic cross-section 
paper. If dilution had an effect that is separable from 
that of speed or turbulence, the family of curves for the 
different constant speeds in these charts should be a set 
of parallel lines of constant vertical offset from each 
other. This is obviously not the case when we measure 
dilution volumetrically; it is approached closely when we 
measure dilution by mass ratio and is given better by 
the adiabatic than by the isothermal assumption of the 
law of re-expansion of clearance, or exhaust, gases on the 
suction stroke. Further, the dashed straight lines of the 
two charts at the right show that the increase of spark- 
advance due to dilution is approximately proportional 
to the cube of the mass-dilution ratio; or, in other words, 
the combustion rates vary inversely and the explosion- 
times directly as the cube of the adiabatic mass-dilution 
ratio of the total gas to the new charge. If in plotting 
the curves at the extreme right the unfaired data of the 
optimum spark-advances, taken directly from Figs. 11 to 
14, is used, the agreement with the cube law is rather 
improved; hence the use of our faired curves of spark- 
advance has not been responsible for this suggested law 
of the action of dilution. This cubic law, of course, is 
merely suggested, not proved, by such a slender basis of 
data as is used here; but it was to be expected on general 
grounds and has been found here to account for the facts, 
as well as any simple hypothesis that has been tried. 


EVALUATION OF THE TURBULENCE FACTOR 


Since it is now possible to eliminate the dilution or 
intake-suction factor from the spark-advance, the turbu- 
lence factor may be evaluated. This has been done in 
two ways. First, as was done in the case of the Ford, 
all the spark-advance data were reduced to values for 
a zero intake-suction at the various speeds. Fig. 16 
shows this reduction for the Continental engine. Then 
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values of R/ao, or a zero intake-suction, were plotted 
against R, giving the lower straight line in Fig. 20. The 
equation of this line is R/(a,.) = 22 (1+ 0.001R) ; or by 
inversion, ad is equal to 0.0455R/(1+-0.001R). This 
corresponds to an explosion-time in the combustion- 
chamber without turbulence, but with the dilution exist- 





R » For Zero Intake-Suction and for 


= 
_O 
ain 
= 
Qa 
2 
i.) 
Mm 
o 
oS 0 
0 400 800 1200 1@00 2000 
Speed,r.p.m. 
Fic. 20—CurRVES OF ZERO DILUTION AND ZERO INTAKE-SUCTION AT 


. 


VARIOUS SPEEDS 


ing at a zero intake-suction, of (2/9) * 0.0455 = 0.0101 
sec. This may be compared directly with the correspond- 
ing value for the Ford engine of 0.0230 sec.; and the 
turbulence factor, found in the same way, comes out the 
same, 0.0010, for both engines. This is interesting as 
both are of the L-head type and of rather similar dimen- 
sions. The much quicker explosion-time for the Conti- 
nental engine may correspond to a better shape of the 
combustion-chamber, a better placing of the spark-plug, 
better carburetion due to the hot-spot and the like and 
the higher compression-ratio. 
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It is possible, also, in the case of the Continental 
engine, to investigate the case of zero dilution. Assum- 
ing the cubic law of the slowing-up of the combustion 
by adiabatic mass-dilution, the spark-advances for the 
Continental engine at zero dilution are 9.5 deg. at 400 
r.p.m., 15 deg. at 800 r.p.m., 19 deg. at 1200 r.p.m., and 
23 deg. at 1600 r.p.m. (See the right half of Fig. 19 for 
this reduction to zero dilution, or a 1.00 dilution-ratio.) 
The upper straight line in Fig. 20 plots R/a of these 
zero-dilutiou values against R. Its equation is R/a», or 
zero dilution, = 32.5 (1 + 0.00075R) and corresponds to 
a, for zero dilution = 0.0308R/(1 + 0.00075R), and the 
explosion-time with zero dilution and zero turbulence of 
(2/9) * 0.0308 = 0.0068 sec. 

It will be noticed that the value of the turbulence 
factor, the coefficient of R in the denominator of the 
spark-advance equations, is not the same when the equa- 
tion is found for a zero intake-suction as it is when 
found for zero dilution. This comes from the fact that 
the dilution at a zero intake-suction is not constant as 
the speed changes, but is less at higher speeds. 

Further, it will be noticed that the explosion-time in 
the engine cylinder, even with some dilution but without 
turbulence, is of the order of from 0.02 to less than 0.01 
sec. These values are conspicuously smaller than the 
values quoted early in the paper for bomb experiments, 
which ran around 0.05 to 0.06 sec. for maximum-power 
mixtures. The reason for the difference is partly in the 
size of the combustion-chamber of the engine as com- 
pared with the bombs; on this account alone the explosion- 
times in the engine, in view of the empirical square-root 
law of the distance for the time of flame travel, should 
be from 0.50 to 0.75 times the explosion-times in the 
bombs. The main factor making the explosion-times 
less in the engines than in the bombs, even without tur- 
bulence, is the temperature. The Continental engine gets 
its charge at about 560 deg. fahr., absolute. Compression 
multiplies this temperature by the (y-1) power of the 
compression-ratio, or by about 1.65, making the tempera- 
ture preceding ignition about 930 deg. fahr., absolute. 
As the combustion speed is approximately proportional 
to the cube of the temperature preceding ignition, the 
combustion-rate is increased by adiabatic compression 
about 4.5 times over what it would be at the intake 
temperature and about 5.3 times over what it would be 
at the room temperature. Even without turbulence, then, 
we might expect the explosion-times in automotive en- 
gines to be of the order of 1/5 to 1/10 of what they are 
in the bomb experiments cited. The effect of turbulence 
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is to offset the slowing-up of the combustion due to 
dilution, rather than to cause the explosion-times in the 
engine cylinder to be less than in the experiments on 
sizable bombs in laboratory work. Of course, turbulence 
remains highly important in high-speed engines. 

In the experimental work on the optimum spark. 
advance on the Continental engine, shown in Figs. 11 to 
14, we did not get the data at full throttle but went only 
as close as the 5-in. suction. This was because of the 
detonation that occurred at pressures lower than the 5-in, 
intake-suction. We investigated later what would hap- 
pen in the presence or absence of detonation. The work 
was at 600 r.p.m. The results are shown in Fig. 21. We 
ran through the whole throttle range, 0, 5, 10, 15 and 
19-in. intake-suctions, without anti-knock and then with 
it. The dose of anti-knock, tetraethyl-lead, was 5 cc. to 
2 qt. of gasoline, or 20 times the dosage usually required 
or advised for knock suppression. 


DISCUSSION OF RESULTS 


The results are extremely interesting. For any intake- 
suction large enough of itself to stop detonation by 
throttling or pressure-reduction, the presence of anti- 
knock, in a dosage 20 times the usual value, does not 
change the optimum spark-advance at all, according to 
our data; hence it does not affect the explosion-time 
or the reaction-velocity of combustion. The accuracy of 
determining the optimum spark-advance is_ perhaps 
+ 2 deg.; on a 30-deg. advance this is an accuracy in the 
explosion-time of + 7 per cent. The usual dosage of 
anti-knock, then, cannot alter the reaction-rate by more 
than 0.33 per cent. The hypothesis that anti-knocks stop 
detonation ‘by changing the reaction-rate of combustion 
seems to have here a considerable jolt. It does stop de- 
tonation, however; and further, with detonation stopped, 
the spark-advance-intake-suction curve is smooth and 
continuous to the zero intake-suction; and combustion 
follows a single set of laws, those of normal non-detonat- 
ing combustion, over the whole throttle-range. In the 
absence of anti-knock, combustion seems to follow two 
laws, as indicated by the dotted line in Fig 21; the 
normal laws for intake-suctions greater than 5 in. in 
this case; and the abnormal laws, involving detonation, 
at between zero and a 5-in. suction. When detonation 
occurred the torque also was perceptibly less than when 
it was suppressed. 

In summarizing, we have shown that spark-advance is 
a relation of the explosion-time to the speed of rotation 
of the engine. From a simple hypothesis about flame 
speed, combined with the geometric shape of the combus- 
tion-chamber, we have deduced that one-half the rise of 
pressure of an explosion should occur at or near three- 
quarters of the explosion-time; and we have checked the 
conclusion on pressure-time curves of both bombs and 
engines. We have shown that for an optimum spark- 
advance the half pressure-rise, or three-quarters of the 
explosion-time, should occur at the dead-center position 
of the piston. Hence, we have made it possible, through 
the experimental determination of the optimum spark- 
advance in an engine in operation, to calculate back to 
the explosion-time as it actually takes place in the engine. 
This opens a wide field for experimental work in finding 
the effects of the mixture-ratio, the temperature, turbu- 
lence, dilution with dead gas and the like,; the shape 
and the size of the combustion-chamber and the like; 
with a possibility, hitherto not known, of finding numeri- 
cal values for the effects of turbulence, dilution and the 
like that may put combustion-chamber design of the 
future on a quantitative basis. 
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